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© Nanbv diagnostics and vaccines. 



© A family of cDNA sequences derived from hepatitis C virus (HCV) are provided. These sequences encode 
antigens which react immunologically with antibodies present in individuals with non-A norvB hepatitis (NANBH), 
but which generally are absent from individuals infected with hepatitis A virus (HAV) or hepatitis B virus (HBV), 
and also are absent from control individuals. A comparison of these cDNA sequences with the sequences in 
Genebank, and with the sequences of hepatitis delta virus (HDV) and HBV shows a lack of substantial homology. 

^A comparison of the sequences of amino acids encoded in the cDNA with the sequences of Flaviviruses 

^indicates that HCV is a Flavivirus or FlavMike virus. 

CD 

J^j The HCV cDNA sequences are useful for the design of polynucleotide probes, and for the synthesis of 
^■polypeptides which may be used in immunoassays. Both the polynucleotide probes and the polypeptides may 
00 be useful for the diagnosis of HCV-induced NANBH, and for screening blood bank specimens and donors for 
J" HCV infection. In addition, these cDNA sequences may be useful for the synthesis of immunogenic polypeptides 
"which may be used in vaccines for the treatment, prophylactic and/or therapeutic, of HCV infection. Polypeptides 
©encoded within the cDNA sequences may also be used to raise antibodies against HCV antigens, and for the 
(^purification of antibodies directed against HCV antigens. These antibodies may be useful in immunoassays for 
LLI detecting HCV antigens associated with NANBH in individuals, and in blood bank donations. Moreover, these 
antibodies may be used for treatment of NANBH in individuals. 

The reagents provided in the invention also enable the isolation of NANBH agent(s), and the propagation of 
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these agent(s) in tissue culture systems. Moreover, they provide reagents which are useful for screening for 
antiviral agents for HCV, particularly in tissue culture or animal model systems. 
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NANBV DIAGNOSTICS AND VACCINES 



Technical Held 

The invention relates to materials and methodologies for managing the spread of non-A f non-B hepatitis 
5 virus (NANBV) infection. More specifically, it relates to diagnostic DNA fragments, diagnostic proteins, 
diagnostic antibodies and protective antigens and antibodies for an etiologic agent of NANB hepatitis, i.e., 
hepatitis C virus. 
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Background Art 

Non-A, Non-B hepatitis (NANBH) is a transmissible disease or family of diseases that are believed to be 
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viraKnduced, and that are distinguishable from other forms of viral-associated liver diseases, including that 
caused by the known hepatitis viruses, i.e., hepatitis A virus (HAV), hepatitis B virus (HBV), and delta 
hepatitis virus (HDV). as well as the hepatitis induced by cytomegalovirus (CMV) or Epstein- Barr virus 
(EBV). NANBH was first identified in transfused individuals. Transmission from man to chimpanzee and 

5 serial passage in chimpanzees provided evidence that NANBH is due to a transmissible infectious agent or 
agents. However, the transmissible agent responsible for NANBH is' still unidentified and the number of 
agents which are causative of the disease are unknown. 

Epidemiologic evidence is suggestive that there may be three types of NANBH: the water-borne 
epidemic type; the blood or needle associated type; and the sporadically occurring (community acquired) 

to type. However, the number of agents which may be the causative of NANBH are unknown. 

Clinical diagnosis and identification of NANBH has been accomplished primarily by exclusion of other 
viral markers. Among the methods used to detect putative NANBV antigens and antibodies are agar-gel 
diffusion, counterimmunoelectrophorests, immunofluorescence microscopy, immune electron microscopy, 
radioimmunoassay, and enzyme-linked immunosorbent assay. However, none of these assays has proved 

75 to be sufficiently sensitive, specific, and reproducible to be used as a diagnostic test for NANBH. 

Until now there has been neither clarity nor agreement as to the identity or specificity of the antigen 
antibody systems associated with agents of NANBH. This is due, at least in part, to the prior or co-infection 
of HBV with NANBV in individuals, and to the known complexity of the soluble and particulate antigens 
associated with HBV, as well as to the integration of HBV DNA into the genome of liver cells. In addition, 

20 there is the possibility that NANBH is caused by more than one infectious agent as well as the possibility 
that NANBH has been misdiagnosed. Moreover, it is unclear what the serological assays detect in the 
serum of patients with NANBH. It has been postulated that the agar-gel diffusion and counterimmunoelec- 
trophoresis assays detect autoimmune responses or non-specific protein interactions that sometimes occur 
between serum specimens, and that they do not represent specific NANBV antigen-antibody reactions. The 

25 immunofluorescence, and enzyme-linked immunosorbent and radioimmunoassays appear to detect low 
levels of a rheumatoid-factor-like material that is frequently present In the serum of patients with NANBH as 
well as in patients with other hepatic and nonhepatic diseases. Some of the reactivity detected may 
represent antibody to host-determined cytoplasmic antigens. 

There are a number of candidate NANBV. See, for example the reviews by Prince (1983), Feinstone 

30 and Hoofnagle (1984), and Overby (1985, 1986, 1987) and the article by Iwarson (1987). However, there is 
no proof that any of these candidates represent the etiological agent of NANBH. 

The demand for sensitive, specific methods for screening and identifying carriers of NANBV and 
NANBV contaminated blood or blood products is significant Post-transfusion hepatitis (PTH) occurs in 
approximately 10% of transfused patients, and NANBH accounts for up to 90% of these cases. The major 

35 problem in this disease is the frequent progression to chronic liver damage (25-55%). 

Patient care as well as the prevention of transmission of NANBH by blood and blood products or by 
close personal contact require reliable diagnostic and prognostic tools to detect nucleic acids, antigens and 
antibodies related to NANBV. fn addition, there is also a need for effective vaccines and immunotherapeutic 
therapeutic agents for the prevention and/or treatment of the disease. 

40 

Disclosure of the Invention 

The invention pertains to the isolation and characterization of a newly discovered etiofogic agent of 
45 NANBH, hepatitis C virus (HCV). More specifically, the invention provides a family of cDNA replicas of 
portions of HCV genome. These cDNA replicas were isolated by a technique which included a novel step of 
screening expression products from cDNA libraries created from a particulate agent in infected tissue with 
sera from patients with NANBH to detect newly synthesized antigens derived from the genome of the 
heretofore unisolated and uncharacterized viral agent and of selecting clones which produced products 
so which reacted immunologically only with sera from infected individuals as compared to non-infected 
individuals. 

Studies of the nature of the genome of the HCV, utilizing probes derived from the HCV cDNA, as well 
as sequence information contained within the HCV cDNA, are suggestive that HCV is a Flavivirus or a Ravi- 
like virus. 

55 Portions of the cDNA sequences derived from HCV are useful as probes to diagnose the presence of 
virus in samples, and to isolate naturally occurring variants of the virus. These cONAs also make available 
polypeptide sequences of HCV antigens encoded within the HCV genome(s) and permits the production of 
polypeptides which are useful as standards or reagents in diagnostic tests and/or as components of 
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vaccines. Antibodies, both polyclonal and monoclonal, directed against HCV epitopes contained within these 
polypeptide sequences are also useful for diagnostic tests, as therapeutic agents, for screening of antiviral 
agents, and for the isolation of the NANBV agent from which these cDNAs derive. In addition, by utilizing 
probes derived from these cDNAs it is possible to isolate and sequence other portions of the HCV genome, 
5 thus giving rise to additional probes and polypeptides which are useful in the diagnosis and/or treatment, 
both prophylactic and therapeutic, of NANBH. 

Accordingly with respect to polynucleotides, some aspects of the invention are: a purified HCV 
polynucleotide; a recombinant HCV polynucleotide; a recombinant polynucleotide comprising a sequence 
derived from an HCV genome or from HCV cDNA; a recombinant polynucleotide encoding an epitope of 
70 HCV; a recombinant vector containing the any of the above recombinant polynucleotides, and a host cell 
transformed with any of these vectors. 

Other aspects of the invention are: a recombinant expression system comprising an open reading frame 
(ORF) of DNA derived from an HCV genome or from HCV cDNA, wherein the ORF is operably linked to a 
control sequence compatible with a desired host, a cell transformed with the recombinant expression 
75 system, and a polypeptide produced by the transformed cell. 

Still other aspects of the invention are: purified HCV, a preparation of polypeptides from the purified 
HCV; a purified HCV polypeptide; a purified polypeptide comprising an epitope which is immunologically 
identifiable with an epitope contained in HCV. 

Included aspects of the invention are a recombinant HCV polypeptide; a recombinant polypeptide 
20 comprised of a sequence derived from an HCV genome or from HCV cDNA; a recombinant polypeptide 
comprised of an HCV epitope; and a fusion polypeptide comprised of an HCV polypeptide. 

Also included in the invention are a monoclonal antibody directed against an HCV epitope; and a 
purified preparation of polyclonal antibodies directed against an HCV epitope. 

Another aspect of the invention is a particle which is immunogenic against HCV infection comprising a 
25 non-HCV polypeptide having an amino acid sequence capable of forming a particle when said sequence is 
produced in a eukaryotic host and an HCV epitope. 

Still another aspect of the invention is a polynucleotide probe for HCV. 

Aspects of the invention which pertain to kits are those for: analyzing samples for the presence of 
polynucleotides derived from HCV comprising a polynucleotide probe containing a nucleotide sequence 

30 from HCV of about 8 or more nucleotides, in a suitable container analyzing samples for the presence of an 
HCV antigen comprising an antibody directed against the HCV antigen to be detected, in a suitable 
container analyzing samples for the presence of an antibodies directed against an HCV antigen comprising 
a polypeptide containing an HCV epitope present in the HCV antigen, in a suitable container. 

Other aspects of the invention are: a polypeptide comprised of an HCV epitope, attached to a solid 

35 substrate; and an antibody to an HCV epitope, attached to a solid substrate. 

Still other aspects of the invention are: a method for producing a polypeptide containing an HCV 
epitope comprising incubating host cells transformed with an expression vector containing a sequence 
encoding a polypeptide containing an HCV epitope under conditions which allow expression of said 
polypeptide; and a polypeptide containing an HCV epitope produced by this method. 

40 The invention also includes a method for detecting HCV nucleic acids in a sample comprising reacting 
nucleic acids of the sample with a probe for an HCV polynucleotide under conditions which allow the 
formation of a polynucleotide duplex between the probe and the HCV nucleic acid from the sample; and 
detecting a polynucleotide duplex which contains the probe. 

Immunoassays are also included in the invention. These include an immunoassay for detecting an HCV 

45 antigen comprising incubating a sample suspected of containing an HCV antigen with a probe antibody 
directed against the HCV antigen to be detected under conditions which allow the formation of an antigen- 
antibody complex; and detecting an antigen-antibody complex containing the probe antibody. An im- 
munoassay for detecting antibodies directed against an HCV antigen comprising incubating a sample 
suspected of containing anti-HCV antibodies with a probe polypeptide which contains an epitope of the 

50 HCV, under conditions which allow the formation of an antibody-antigen complex; and detecting the 
antibody-antigen complex containing the probe antigen. 

Also included in the invention are vaccines for treatment of HCV infection comprising an immunogenic 
peptide containing an HCV epitope, or an inactivated preparation of HCV, or an attenuated preparation of 
HCV. 

55 Another aspect of the invention is a tissue culture grown cell infected with HCV. 

Yet another aspect of the invention Is a method for producing antibodies to HCV comprising administer- 
ing to an individual an isolated immunogenic polypeptide containing an HCV epitope in an amount sufficient 
to produce an immune response. 
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Still another aspect of the invention is a method for isolating cDNA derived from the genome of an 
unidentified infectious agent comprising: (a) providing host cells transformed with expression vectors 
containing a cDNA library prepared from nucleic acids isolated from tissue infected with the agent and 
growing said host cells under conditions which allow expression of polypeptide(s) encoded in the cDNA; (b) 

5 interacting the expression products of the cDNA with an antibody containing body component of an 
individual infected with said infectious agent under conditions which allow an immunoreaction, and detecting 
antibody-antigen complexes formed as a result of the interacting; (c) growing host cells which express 
polypeptides that form antibody-antigen complexes in step (b) under conditions which allow their growth as 
individual clones and isolating said clones; (d) growing cells from the clones of (c) under conditions which 

w allow expression of polypeptide^) encoded within the cDNA, and interacting the expression products with 
antibody containing body components of individuals other than the individual in step (a) who are infected 
with the infectious agent and with control individuals uninfected with the agent and detecting antibody- 
antigen complexes formed as a result of the interacting; (e) growing host cells which express polypeptides 
that form antibody-antigen complexes with antibody containing body components of infected individuals and 

75 individuals suspected of being infected, and not with said components of control individuals, under 
conditions which allow their growth as individual clones and isolating said clones; and (f) isolating the cDNA 
from the host cell clones of (e). 



20 Brief Description of the Drawings 

Rg, 1 shows the double-stranded nucleotide sequence of the HCV cDNA insert in clone 5-1-1, and 
the putative amino acid sequence of the polypeptide encoded therein. 

Rg. 2 shows the homologies of the overlapping HCV cDNA sequences in clones 5-1-1, 81, 1-2, and 

25 91. 

Rg. 3 shows a composite sequence of HCV cDNA derived from overlapping clones 81, 1-2, and 91, 
and the amino acid sequence encoded therein. 

Rg. 4 shows the double-stranded nucleotide sequence of the HCV cDNA insert in clone 81. and the 
putative amino acid sequence of the polypeptide encoded therein. 
30 * Rg. 5 shows the HCV cDNA sequence in clone 36, the segment which overlaps the NANBV cDNA of 
clone 81, and the polypeptide sequence encoded within clone 36. 

Rg. 6 shows the combined ORF of HCV cDNAs in clones 36 and 81, and the polypeptide encoded 
therein. 

Rg. 7 shows the HCV cDNA sequence in clone 32, the segment which overlaps clone 81 , and the 
as polypeptide encoded therein. 

Rg. 8 shows the HCV cDNA sequence in clone 35, the segment which overlaps clone 36, and the 
polypeptide encoded therein. 

Rg. 9 shows the combined ORF of HCV cDNAs in clones 35, 36, 81, and 32, and the polypeptide 
encoded therein. 

40 Rg. 10 shows the HCV cDNA sequence in clone 37b, the segment which overlaps done 35, and the 

polypeptide encoded therein. 

Rg. 11 shows the HCV cDNA sequence in clone 33b, the segment which overlaps clone 32, and the 
polypeptide encoded therein. 

Rg. 12 shows the HCV cDNA sequence in clone 40b, the segment which overlaps clone 37b, and the 
45 polypeptide encoded therein. 

Rg. 13 shows the HCV cDNA sequence in clone 25c, the segment which overlaps clone 33b, and the 
polypeptide encoded therein. 

Rg. 14 shows the nucleotide sequence and polypeptide encoded therein of the ORF which extends 
through the HCV cDNAs in clones 40b, 37b, 35. 36, 81. 32, 33b. and 25c. 
so Rg. 15 shows the HCV cDNA sequence in clone 33c, the segment which overlaps clones 40b and 

33c, and the amino acids encoded therein. 

Rg. 16 shows the HCV cDNA sequence in clone 8h, the segment which overlaps clone 33c, and the 
amino acids encoded therein. 

Rg. 17 shows the HCV cDNA sequence in clone 7e, the segment which overlaps clone 8h, and the 
55 amino acids encoded therein. 

Rg. 18 shows the HCV cDNA sequence in clone 14c, the segment which overlaps clone 25c, and the 
amino acids encoded therein. 
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Fig. 19 shows the HCV cDNA sequence in clone 8f, the segment which overlaps clone 14c, and the 
amino acids encoded therein. 

Fig. 20 shows the HCV cDNA sequence in clone 33f, the segment which overlaps clone 8f, and the 
amino acids encoded therein. 
5 Fig. 21 shows the HCV cDNA sequence in clone 33g, the segment which overlaps clone 33f, and the 

amino acids encoded therein. 

Fig. 22 shows the HCV cDNA sequence in clone 7f, the segment which overlaps the sequence in 
clone 7e, and the amino acids encoded therein. 

Rg. 23 shows the HCV cDNA sequence in clone 11b, the segment which overlaps the sequence in 
io clone 7f, and the amino acids encoded therein. 

Rg. 24 shows the HCV cDNA sequence in clone 14i. the segment which overlaps the sequence in 
clone 11b, and the amino acids encoded therein. 

Rg. 25 shows the HCV cDNA sequence in clone 39c, the segment which overlaps the sequence in 
clone 33g, and the amino adds encoded therein. 
is Rg. 28 shows a composite HCV cDNA sequence derived from the aligned cDNAs in clones 14i. 1 1b. 

7f, 7e, 8h. 33c 40b 37b 35 36, 81, 32, 33b, 25c, 14c, 8f, 33f, 33g and 39c also shown is the amino acid 
sequence of the polypeptide encoded in the extended ORF in the derived sequence. 

Rg. 27 shows the sequence of the HCV cDNA in clone 12f, the segment which overlaps clone 14i, 
and the amino acids encoded therein. 
so Rg. 28 shows the sequence of the HCV cDNA in clone 35f, the segment which overlaps clone 39c, 

and the amino acids encoded therein. 

Rg. 29 shows the sequence of the HCV cDNA in clone 19g, the segment which overlaps clone 35f, 
and the amino acids encoded therein. 

Rg. 30 shows the sequence of clone 26g, the segment which overlaps clone 19g, and the amino 
25 acids encoded therein. 

Rg. 31 shows the sequence of done 15e, the segment which overlaps clone 26g, and the amino 
acids encoded therein. 

Rg. 32 shows the sequence in a composite cDNA, which was derived by aligning clones 12f through 
15e in the 5 to 3 direction; it also shows the amino acids encoded in the continuous ORF. 
so Rg. 33 shows a photograph of Western blots of a fusion protein. SOD-NANB5-1-1. with chimpanzee 

serum from chimpanzees infected with BB-NANB, HAV, and HBV. 

Rg. 34 shows a photograph of Western blots of a fusion protein, SOD-NANB5-1-1, with serum from 
humans infected with NANBV, HAV, HBV, and from control humans. 

Rg. 35 is a map showing the significant features of the vector pAB24. 
35 Rg. 36 shows the putative amino acid sequence of the carboxy-terminus of the fusion polypeptide 

C 100-3 and the nucleotide sequence encoding ft 

Rg. 37A is a photograph of a coomassie blue stained polyacrylamide gel which identifies CI 00-3 
expressed in yeast 

Rg. 37B shows a Western blot of C100-3 with serum from a NANBV infected human. 
40 Rg. 38 shows an autoradiograph of a Northern blot of RNA isolated from the liver of a BB-NANBV 

infected chimpanzee, probed with BB-NANBV cDNA of clone 81. 

Rg. 39 shows an autoradiograph of NANBV nucleic acid treated with RNase A or DNase I, and 
probed with BB-NANBV cDNA of done 81 . 

Rg. 40 shows an autoradiograph of nucleic acids extracted from NANBV particles captured from 
45 infected plasma with anti-NANBs-i -1 , and probed with ^P-labeled NANBV cDNA from clone 81 . 

Rg. 41 shows autoradiographs of filters containing isolated NANBV nucleic adds, probed with ^P- 
labeled plus and minus strand DNA probes derived from NANBV cDNA in clone 81. 

Rg. 42 shows the homologies between a polypeptide encoded in HCV cDNA and an NS protein from 
Dengue flavivirus. 

so Rg. 43 shows a histogram of the distribution of HCV infection in random samples, as determined by 

an ELISA screening. 

Rg. 44 shows a histogram of the distribution of HCV infection in random samples using two 
configurations of immunoglobulin-enzyme conjugate in an ELISA assay. 

Rg. 45 shows the sequences in a primer mix, derived from a conserved sequence in NS1 of 
55 flavi viruses. 

Rg. 46 shows the HCV cDNA sequence in clone k9-1, the segments which overlaps the cDNA in Fig. 
26, and the amino adds encoded therein. 
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Fig. 47 shows the sequence in a composite cDNA which was derived by aligning clones k9-1 through 
15e in the 5 to 3 direction; it also showa the amino acids encoded 'n the continuous ORF. 



s Modes for Carrying Out the Invention 



I. Definitions 

70 The term "hepatitis C virus" has been reserved by workers in the field for an heretofore unknown 
etiologic agent of NANBH. Accordingly, as used herein, hepatitis C virus" (HCV) refers to an agent causitive 
of NANBH, which was formerly referred to as NANBV and/or BB-NANBV. The terms HCV, NANBV, and BB- 
NANBV are used interchangeably herein. As an extension of this terminology, the disease caused by HCV, 
formerly called NANB hepatitis (NANBH), is called hepatitis C. The terms NANBH and hepatitis C may be 

75 used interchangeably herein. 

The term "HCV", as used herein, denotes a viral species which causes NANBH, and attenuated strains 
or defective interfering particles derived therefrom. As shown infra, the HCV genome is comprised of RNA. 
It is known that RNA containing viruses have relatively high rates of spontaneous mutation, i.e., reportedly 
on the order of 10~ 3 to 10~* per nucleotide (Fields & Knipe (1986)). Therefore, there are multiple strains 

20 within the HCV species described infra. The compositions and methods described herein, enable the 
propagation, identification, detection, and isolation of the various related strains. Moreover, they also allow 
the preparation of diagnostics and vaccines for the various strains, and have utility in screening procedures 
for anti-viral agents for pharmacologic use in that they inhibit replication of HCV. 

The information provided herein, although derived from one strain of HCV, hereinafter referred to as 

25 CDC/HCV1, is sufficient to allow a viral taxonomist to identify other strains which fall within the species. As 
described herein, we have discovered that HCV is a Ravi virus or Ravi-like virus. The morphology and 
composition of Ravivirus particles are known, and are discussed in Brinton (1986). Generally, with respect 
to morphology, Raviviruses contain a central nucleocapsid surrounded by a lipid bilayer. Virions are 
spherical and have a diameter of about 40-50 nm. Their cores are about 25-30 nm in diameter. Along the 

30 outer surface of the virion envelope are projections that are about 5-10 nm long with terminal knobs about 2 
nm in diameter. 

HCV encodes an epitope which is immunologically identifiable with an epitope in the HCV genome from 
which the cDNAs described herein are derived; preferably the epitope is encoded in a cDNA described 
herein. The epitope is unique to HCV when compared to other known Raviviruses. The uniqueness of the 

35 epitope may be determined by its immunological reactivity with HCV and lack of immunological reactivity 
with other Ravivirus species. Methods for determining immunological reactivity are known in the art, for 
example, by radioimmunoassay, by Efisa assay, by hemagglutination, and several examples of suitable 
techniques for assays are provided herein. 

In addition to the above, the following parameters are applicable, either alone or in combination, in 

40 identifying a strain as HCV. Since HCV strains are evolutionarily related, it is expected that the overall 
homology of the genomes at the nucleotide level will be about 40% or greater, preferably about 60% or 
greater, and even more preferably about 80% or greater; and in addition that there will be corresponding 
contiguous sequences of at least about 13 nucleotides. The correspondence between the putative HCV 
strain genomic sequence and the CDC/CHI HCV cONA sequence can be determined by techniques known 

45 in the art. For example, they can be determined by a direct comparison of the sequence information of the 
polynucleotide from the putative HCV, and the HCV cDNA sequenced) described herein. For example, also, 
they can be determined by hybridization of the polynucleotides under conditions which form stable 
duplexes between homologous regions (for example, those which would be used prior to Si digestion), 
followed by digestion with single stranded specific nuclease(s), followed by size determination of the 

so digested fragments. 

Because of the evolutionary relationship of the strains of HCV, putative HCV strains are identifiable by 
their homology at the polypeptide level. Generally, HCV strains are more than about 40% homologous, 
preferably more than about 60% homologous, and even more preferably more than about 80% homologous 
at the polypeptide level. The techniques for determining amino acid sequence homology are known in the 
55 art. For example, the amino acid sequence may be determined directly and compared to the sequences 
provided herein. For example also, the nucleotide sequence of the genomic material of the putative HCV 
may be determined (usually via a cDNA intermediate); the amino acid sequence encoded therein can be 
determined, and the corresponding regions compared. 
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As used herein, a polynucleotide "derived from" a designated sequence, for example, the HCV cDNA, 
particularly those exemplified in Figs. 1-32, or from an HCV genome, refers to a polynucleotide sequence 
which is comprised of a sequence of approximately at least about 6 nucleotides, is preferably at least about 
8 nucleotides, is more preferably at least about 10-12 nucleotides, and even more preferably at least about 

s 15-20 nucleotides corresponding, i,e., homologous to or complementary to, a region of the designated 
nucleotide sequence. Preferably, the sequence of the region from which the polynucleotide is derived is 
homologous to or complementary to a sequence which is unique to an HCV genome. Whether or not a 
sequence is unique to the HCV genome can be determined by techniques known to those of skill in the art. 
For example, the sequence can be compared to sequences in databanks, e.g., Genebank, to determine 

70 whether it is present in the uninfected host or other organisms. The sequence can also be compared to the 
•known sequences of other viral agents, including those which are known to induce hepatitis, e.g., HAV, 
HBV, and HDV, and to other members of the Flaviviridae. The correspondence or non-correspondence of 
the derived sequence to other sequences can also be determined by hybridization under the appropriate 
stringency conditions. Hybridization techniques for determining the complementarity of nucleic acid se- 

75 quences are known in the art, and are discussed infra. See also, for example, Maniatis et a). (1982). In 
addition, mismatches of duplex polynucleotides formed by hybridization can be determined by known 
techniques, including for example, digestion with a nuclease such as S1 that specifically digests single- 
stranded areas in duplex polynucleotides. Regions from which typical DNA sequences may be "derived" 
include but are not limited to, for example, regions encoding specific epitopes, as well as non-transcribed 

20 and/or non-translated regions. 

The derived polynucleotide is not necessarily physically derived from the nucleotide sequence shown, 
but may be generated in any manner, including for example, chemical synthesis or DNA replication or 
reverse transcription or transcription, which are based on the information provided by the sequence of 
bases in the region(s) from which the polynucleotide is derived. In addition, combinations of regions 

25 corresponding to that of the designated sequence may be modified in ways known in the art to be 
consistent with an intended use. 

Similarly, a polypeptide or amino acid sequence "derived from" a designated nucleic acid sequence, 
for example, the sequences in Rgs. 1-32, or from an HCV genome, refers to a polypeptide having an amino 
acid sequence identical to that of a polypeptide encoded in the sequence, or a portion thereof wherein the 

30 portion consists of at least 3-5 amino acids, and more preferably at least 8-10 amino acids, and even more 
preferably at least 11-15 amino acids, or which is immunologically identifiable with a polypeptide encoded 
in the sequence. 

A recombinant or derived polypeptide is not necessarily translated from a designated nucleic acid 
sequence, for exanple, the sequences in Rgs. 1-32, or from an HCV genome; it may be generated in any 
35 manner, including for example, chemical synthesis, or expression of a recombinant expression system, or 
isolation from mutated HCV. 

The term "recombinant polynucleotide" as used herein intends a polynucleotide of genomic, cDNA, 
semisynthetic, or synthetic origin which, by virtue of its origin or manipulation: (1) is not associated with all 
or a portion of the polynucleotide with which it is associated in nature or in the form of a library; and/or (2) 
40 is linked to a polynucleotide other than that to which It is linked in nature. 

The term "polynucleotide" as used herein refers to a polymeric form of nucleotides of any length, either 
ribonucleotides or deoxyribonucleotides. This term refers only to the primary structure of the molecule. 
Thus, this term includes double- and single-stranded DNA, as well as double- and single stranded RNA It 
also includes modified, for example, by methylation and/or by capping, and unmodified forms of the 
45 polynucleotide. 

As used herein, the term "HCV containing a sequence corresponding to a cDNA" means that the HCV 
contains a polynucleotide sequence which is homologous to or complementary to a sequence in the 
designated DNA; the degree of homology or complementarity to the cDNA will be approximately 50% or 
greater, will preferably be at least about 70%, and even more preferably will be at least about 90%. The 

so sequences which correspond will be at least about 70 nucleotides, preferably at least about 80 nucleotides, 
and even more preferably at least about 90 nucleotides in length. The correspondence between the HCV 
sequence and the cDNA can be determined by techniques known in the art, including, for example, a direct 
comparison of the sequenced material with the cDNAs described, or hybridization and digestion with single 
strand nucleases, followed by size determination of the digested fragments. 

55 The term "purified of viral polynucleotide" refers to an HCV genome or fragment thereof which is 
essentially free, i.e., contains less than about 50%, preferably less than about 70%, and even more 
preferably less than about 90% of polypeptides with which the viral polynucleotide is naturally associated. 
Techniques for purifying viral polynucleotides from viral particles are known in the art. and include for 
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example, disruption of the particle with a chaotropic agent, and separation of the polynucleotide(s) and 
polypeptides by ion-exchange chromatography, affinity chromatography, and sedimentation according to 
density. 

The term "purified viral polypeptided" refers to an HCV polypeptide or fragment thereof which is 

5 essentially free, i.e., contains less than about 50%, preferably less than about 70%, and even more 
preferably less than about 90%, of cellular components with which the viral polypeptide is naturally 
associated. Techniques for purifying viral polypeptides are known in the art and examples of these 
techniques are discussed infra 

"Recombinant host cells", "host cells", "cells", "cell lines", "cell cultures:, and other such terms 

to denoting microorganisms or higher eukaryotic cell lines cultured as unicellular entities refer to cells which 
can be, or have been, used as recipients for recombinant vector or other transfer DNA, and include the 
progeny of the original cell which has been transfected. It is understood that the progeny of a single 
parental cell may not necessarily be completely identical in morphology or in genomic or total DNA 
complement as the original parent due to accidental or deliberate mutation. Progeny of the parental cell 

is which are sufficiently similar to the parent to be characterized by the relevant property, such as the 
presence of a nucleotide sequence encoding a desired peptide, are included in the progeny intended by 
this definition, and are covered by the above terms. 

A "replicon" is any genetic element, e.g., a plasmid, a chromosome, a virus, that behaves as an 
autonomous unit of polynucleotide replication within a cell; i.e., capable of replication under its own control. 

20 A "vector" is a replicon in which another polynucleotide segment is attached, so as to bring about the 
replication and/or expression of the attached segment 

"Control sequence" refers to polynucleotide sequences which are necessary to effect the expression of 
coding sequences to which they are ligated. The nature of such control sequences differs depending upon 
the host organism; in prokaryotes, such control sequences generally include promoter, ribosomal binding 

25 site, and terminators; in eukaryotes, generally, such control sequences include promoters, terminators and, 
in some instances, enhancers. The term "control* sequences" is intended to include, at a minimum, all 
components whose presence is necessary for expression, and may also include additional components 
whose presence is advantageous, for example, leader sequences. 

"Operably linked" refers to a juxtaposition wherein the components so described are in a relationship 

30 permitting them to function in their intended manner. A control sequence "operably linked" to a coding 
sequence is ligated in such a way that expression of the coding sequence is achieved under conditions 
compatible with the control sequences. 

An "open reading frame" (ORF) is a region of a polynucleotide sequence which encodes a polypeptide; 
this region may represent a portion of a coding sequence or a total coding sequence. 

35 A "coding sequence" is a polynucleotide sequence which is transcribed into mRNA and/or translated 
into a polypeptide when placed under the control of appropriate regulatory sequences. The boundaries of 
the coding sequence are determined by a translation start codon at the 5 -terminus and a translation stop 
codon at the 3 -terminus. A coding sequence can include, but is not limited to mRNA. cDNA, and 
recombinant polynucleotide sequences. 

40 "Immunologically identifiable with/as" refers to the presence of epitope(s) and polypeptides(s) which are 
also present in and are unique to the designated polypeptide^), usually HCV proteins. Immunological 
identity may be determined by antibody binding and/or competition in binding; these techniques are known 
to those of average skill in the art, and are also illustrated infra. The uniqueness of an epitope can also be 
determined by computer searches of known data banks, e.g. Qenebank, for the polynucleotide sequences 

45 which encode the epitope, and by amino acid sequence comparisons with other known proteins. 

As used herein, "epitope" refers to an antigenic determinant of a polypeptide; an epitope could 
comprise 3 amino acids in a spatial conformation which is unique to the epitope, generally an epitope 
consists of at least 5 such amino acids, and more usually, consists of at least 8-10 such amino acids. 
Methods of determining the spatial conformation of amino acids are known in the art, and include, for 

so example, x-ray crystallography and 2-dimensional nuclear magnetic resonance. 

A polypeptide is "immunologically reactive" with an antibody when it binds to an antibody due to 
antibody recognition of a specific epitope contained within the polypeptide. Immunological reactivity may be 
determined by antibody binding, more particularly by the kinetics of antibody binding, and/or by competition 
in binding using as competitors) a known polypeptide(s) containing an epitope against which the antibody 

55 is directed. The techniques for determining whether a polypeptide is immunologically reactive with an 
antibody are known in the art 

As used herein, the term "immunogenic polypeptide containing an HCV epitope" includes naturally 
occurring HCV polypeptides or fragments thereof, as well as polypeptides prepared by other means, for 
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example, chemical synthesis, or the expression of the polypeptide in a recombinant organism. 

The term "polypeptide 0 refers to a molecular chain of amino adds and does not refer to a specific 
length of the product: thus, peptides, oligopeptides, and proteins are included within the definition of 
polypeptide. This term also does not refer to post-expression modifications of the polypeptide, for example, 
5 glycosylations, acetylations, phosphorylations and the like. 

"Transformation", as used herein, refers to the insertion of an exogenous polynucleotide into a host cell, 
irrespective of the method used for the insertion, for example, direct uptake, transduction, or f-mating. The 
exogenous polynucleotide may be maintained as a non-integrated vector, for example, a plasmid, or 
alternatively, may be integrated into the host genome. 
io "Treatment" as used herein refers to prophylaxis and/or therapy. 

An "individual", as used herein, refers to vertebrates, particularly members of the mammalian species, 
and includes but is not limited to domestic animals, sports animals, primates, and humans. 

As used herein, the "plus strand" of a nucleic acid contains the sequence that encodes the polypeptide. 
The "minus strand" contains a sequence which is complementary to that of the "plus strand", 
rs As used herein, a "positive stranded genome" of a virus is one in which the genome, whether RNA or 
DNA, is single-stranded and which encodes a viral polypeptide(s). Examples of positive stranded RNA 
viruses include Togaviridae, Ooronaviridae, Retroviridae, Picomaviridae, and Caliciviridae. Included also, are 
the Flaviviridae, which were formerly classified as Togaviradae. See Fields & Knipe (1986). 

As used herein, "antibody containing body component" refers to a component of an individual's body 
20 which is a source of the antibodies of interest. Antibody containing body components are known in the art, 
and include but are not limited to, for example, plasma, serum, spinal fluid, lymph fluid, the external 
sections of the respiratory, intestinal, and genitourinary tracts, tears, saliva, milk, white blood cells, and 
myelomas. 

As used herein, "purified HCV" refers to a preparation of HCV which has been isolated from the cellular 
25 constituents' with which the virus is normally associated, and from other types of viruses which may be 
present in the infected tissue. The techniques for isolating viruses are known to those of skill in the art, and 
include, for example, centrifugation and affinity chromatography; a method of preparing purified HCV is 
discussed infra. 

30 • 
II. Description of the Invention 

The practice of the present invention will employ, unless otherwise indicated, conventional techniques 
of molecular biology, microbiology, recombinant DNA, and immunology, which are within the skill of the art. 

35 Such techniques are explained fully in the literature. See e.g., Maniatis, Frtsch & Sambrook, MOLECULAR 
CLONING; A LABORATORY MANUAL (1982); DNA CLONING, VOLUMES I AND II (D.N Glover ed. 1985); 
OLIGONUCLEOTIDE SYNTHESIS (M.J. Gait ed. 1984); NUCLEIC ACID HYBRIDIZATION (B.D. Hames & 
SJ. Higgins eds. 1984); TRANSCRIPTION AND TRANSLATION (B.D. Hames & SJ. Higgins eds. 1984); 
ANIMAL CELL CULTURE (R.I. Freshney ed. 1986); IMMOBILIZED CELLS AND ENZYMES (IRL Press, 

40 1986); B. Perbal. A PRACTICAL GUIDE TO MOLECULAR CLONING (1984); the series, METHODS IN 
ENZYMOLOGY (Academic Press, Inc.); GENE TRANSFER VECTORS FOR MAMMALIAN CELLS (J.H. 
Miller and M.P. Calos eds. 1987, Cold Spring Harbor Laboratory), Methods in Enzymology Vol. 154 and Vol. 
155 (Wu and Grossman, and Wu, eds.. respectively), Mayer and Walker, eds. (1987), IMMUNOCHEMICAL 
METHODS IN CELL AND MOLECULAR BIOLOGY (Academic Press, London), Scopes. (1987). PROTEIN 

45 PURIFICATION: PRINCIPLES AND PRACTICE, Second Edition (Springer-Verlag, N.Y.), and HANDBOOK 
OF EXPERIMENTAL IMMUNOLOGY, VOLUMES HV (D.M. Weir and C. C. Blackwell eds 1986). 

All patents, patent applications, and publications mentioned herein, both supra and infra, are hereby 
incorporated herein by reference. 

The useful materials and processes of the present invention are made possible by the provision of a 

so family of closely homologous nucleotide sequences isolated from a cDNA library derived from nucleic acid 
sequences present in the plasma of an HCV infected chimpanzee. This family of nucleotide sequences is 
not of human or chimpanzee origin, since it hybridizes to neither human nor chimpanzee genomic DNA 
from uninfected individuals, since nucleotides of this family of sequences are present only in liver and 
plasma of chimpanzees with HCV infection, and since the sequence is not present in Genebank. In addition, 

55 the family of sequences shows no significant homology to sequences contained within the HBV genome. 

The sequence of one member of the family, contained within clone 5-1-1, has one continuous open 
reading frame (ORF) which encodes a polypeptide of approximately 50 amino acids. Sera from HCV 
infected humans contain antibodies which bind to this polypeptide, whereas sera from non-infected humans 



12 



EP 0 318 216 A1 



do not contain antibodies to this polypeptide. Finally, whereas the sera from uninfected chimpanzees do not 
contain antibodies to this polypeptide, the antibodies are induced in chimpanzees following acute NANBH 
infection. Moreover, antibodies to this polypeptide are not detected in chimps and humans infected with 
HAV and HBV. By these criteria the sequence is a cDNA to a viral sequence, wherein the virus causes or is 
s associated with NANBH; this cDNA sequence is shown in Fig. t. As discussed infra, the cDNA sequence in 
clone 5-1-1 differs from that of the other isolated cDNAs in that it contains 28 extra base pairs. 

A composite of other identified members of the cDNA family, which were isolated using as a probe a 
synthetic sequence equivalent to a fragment of the cDNA in clone 5-1-1, is shown in Fig. 3. A member of 
the cDNA family which was isolated using a synthetic sequence derived from the cDNA in clone 81 is 

w shown in Rg. 5, and the composite of this sequence with that of clone 81 is shown in Fig. 6. Other 
members of the cDNA family, including those present in clones 12f, 14*. 11b, 7f, 7e, 8h, 33c, 40b, 37b, 35, 
36, 81, 32, 33b, 25c, 14c. 8f, 33f. 33g, 39c, 35f, 19g, 26g and 15e are described in Section IV.A. A 
composite of the cDNAs in these clones is described in Section IV A 19, and shown in Rg. 32. The 
composite cDNA shows that it contains one continuous ORF, and thus encodes a polyprotein. This data is 

75 consistent with the suggestion, discussed infra, that HCV is a Ravivirus or fiavi-like virus. 

The availability of this family of cDNAs shown in Rgs. 1-32, inclusive, permits the construction of DNA 
probes and polypeptides useful in diagnosing NANBH due to HCV infection and in screening blood donors 
as well as donated blood and blood products for infection. For example, from the sequences it is possible to 
synthesize DNA oligomers of about 8-10 nucleotides, or larger, which are useful as hybridization probes to 

20 detect the presence of the viral genome in, for example, sera of subjects suspected of harboring the virus, 
or for screening donated blood for the presence of the virus. The family of cDNA sequences also allows the 
design and production of HCV specific polypeptides which are useful as diagnostic reagents for the 
presence of antibodies raised during NANBH. Antibodies to purified, polypeptides derived from the cDNAs 
may also be used to detect viral antigens in infected individuals and in blood. 

25 Knowledge of these cDNA sequences also enable the design and production of polypeptides which 
may be used as vaccines against HCV and also for the production of antibodies, which in turn may be used 
for protection against the disease, and/or for therapy of HCV infected individuals. 

Moreover, the family of cDNA sequences enables further characterization of the HCV genome. 
Polynucleotide probes derived from these sequences may be used to screen cDNA libraries for additional 

30 overlapping cDNA sequences, which, in turn, may be used to obtain more overlapping sequences. Unless 
the genome is segmented and the segments lack common sequences, this technique may be used to gain 
the sequence of the entire genome. However, if the genome is segmented, other segments of the genome 
can be obtained by repeating the Iambda-gt11 serological screening procedure used to isolate the cDNA 
clones described herein, or alternatively by isolating the genome from purified HCV particles. 

35 The family of cDNA sequences and the polypeptides derived from these sequences, as well as 
antibodies directed against these polypeptides are also useful in the isolation and identification of the BB- 
NANBV agent(s). For example, antibodies directed against HCV epitopes contained in polypeptides derived 
from the cONAs may be used in processes based upon affinity chromatography to isolate the virus. 
Alternatively, the antibodies may be used to identify viral particles isolated by other techniques. The viral 

40 antigens and the genomic material within the isolated viral particles may then be further characterized. 

The information obtained from further sequencing of the HCV genome(s), as well as from further 
characterization of the HCV antigens and characterization of the genome enables the design and synthesis 
of additional probes and polypeptides and antibodies which may be used for diagnosis, for prevention, and 
for therapy of HCV induced NANBH, and for screening for infected blood and blood-related products. 

45 The availability of probes for HCV, including antigens and antibodies, and polynucleotides derived from 
the genome from which the family of cDNAs is derived also allows for the development of tissue culture 
systems which will be of major use in elucidating the biology of HCV. This in turn, may lead to the 
development of new treatment regimens based upon antiviral compounds which preferentially inhibit the 
replication of, or infection by HCV. 

so The method used to identify and isolate the etiologic agent for NANBH is novel, and it may be 
applicable to the identification and/or isolation of heretofore uncharacterized agents which contain a 
genome, and which are associated with a variety of diseases, including those induced by viruses, viroids, 
bacteria, fungi and parasites. In this method, a cDNA library was created from the nucleic acids present in 
infected tissue from an infected individual. The library was created in a vector which allowed the expression 

55 of polypeptides encoded in the cDNA. Clones of host cells containing the vector, which expressed an 
immunologically reactive fragment of a polypeptide of the etiologic agent were selected by immunological 
screening of the expression products of the library with an antibody containing body component from 
another individual previously infected with the putative agent The steps in the immunological screening 
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technique included interacting the expression products of the cDNA containing vectors with the antibody 
containing body component of a second Infected individual, and detecting the formation of antibody-antigen 
complexes between the expression product(s) and antibodies of the second infected individual. The isolated 
clones are screened further immunologically by interacting their expression products with the antibody 

5 containing body components of other individuals infected with the putative agent and with control individuals 
uninfected with the putative agent, and detecting the formation of antigen-antibody complexes with 
antibodies from the infected individuals; and the cDNA containing vectors which encode polypeptides which 
react immunologically with antibodies from infected individuals and individuals suspected of being infected 
with the agent, but not with control individuals are isolated. The infected individuals used for the 

to construction of the cDNA library, and for the immunological screening need not be of the same species. 

The cDNAs isolated as a result of this method, and their expression products, and antibodies directed 
against the expression products, are useful in characterizing and/or capturing the etiologic agent As 
described in more detail infra, this method has been used successfully to isolate a family of cDNAs derived 
from the HCV genome. 

is 

HA Preparation of the cDNA Sequence 

Pooled serum from a chimpanzee with chronic HCV infection and containing a high titer of the virus, 

20 i.e., at least 10 6 chimp infectious doses/ml (CID/ml) was used to isolate viral particles; nucleic acids isolated 
from these particles was used as the template in the construction of a cDNA library to the viral genome. 
The procedures for isolation of putative HCV particles and for constructing the cDNA library in Iambda-gt11 
is discussed in Section IVA1. Lambda-gt11 is a vector that has been developed specifically to express 
inserted cDNAs as fusion polypeptides with beta-galactosidase and to screen targe numbers of recombinant 

25 phage with specific antisera raised against a defined antigen. The Iambda-gt1 1 cDNA library generated from 
a cDNA pool containing cDNA of approximate mean size of 200 base pairs was screened for encoded 
epitopes that could bind specifically with sera derived from patients who had previously experienced NANB 
hepatitis. Huynh, T.V. et al. (1985). Approximately 10 6 phages were screened, and five positive phages 
were identified, purified, and then tested for specificity of binding to sera from different humans and 

30 chimpanzees previously infected with the HCV agent One of the phages, 5-1-1, bound 5 of the 8 human 
sera tested. This binding appeared selective for sera derived from patients with prior NANB hepatitis 
infections since 7 normal blood donor sera did not exhibit such binding. 

The sequence of the cDNA in recombinant phage 5-1-1 was determined, and Is shown in Fig. 1. The 
polypeptide encoded by this cloned cDNA, which is in the same translational frame as the N-termina! beta- 

35 Galactosidase moiety of the fusion polypeptide is shown above the nucleotide sequence. This translational 
ORF, therefore, encodes an epitope(s) specifically recognized by sera from patients with NANB hepatitis 
infections. 

The availability of the cDNA in recombinant phage 5-1-1 has allowed for the isolation of other clones 
containing additional segments and/or alternative segments of cDNA to the viral genome. The Iambda-gt11 

40 cDNA library described supra, was screened using a synthetic polynucleotide derived from the sequence of 
the cloned 5-1-1 cDNA. This screening yielded three other clones, which were identified as 81, 1-2 and 91; 
the cDNAs contained within these clones were sequenced. See Sections IV A3, and IV A4. Trie homologies 
between the four independent clones are shown in Fig. 2, where the homologies are indicated by the 
vertical lines. Sequences of nucleotides present uniquely in clones 5-1-1, 81, and 91 are indicated by small 

45 letters. 

The cloned cDNAs present in recombinant phages in clones 5-1-1, 81, 1-2, and 91 are highly 
homologous, and differ in only two regions. First, nucleotide number 67 in clone 1-2 is a thymidine, whereas 
the other three clones contain a cytidine residue in this position. This substitution, however, does not alter 
the nature of the encoded amino acid, 
so The second difference between the clones is that clone 5-1-1 contains 28 base pairs at its s'-terminus 
which are not present in the other clones. The extra sequence may be a s'-terminal cloning artifact; 5'- 
termina! cloning artifacts are commonly observed in the products of cDNA methods. 

Synthetic sequences derived from the 5'-region and the 3'-region of the HCV cDNA in clone 81 were 
used to screen and isolate cDNAs from the lambda-gtl 1 NANBV cDNA library, which overlapped clone 81 
55 cDNA (Section IV A5.). The sequences of the resulting cDNAs, which are in clone 36 and clone 32, 
respectively, are shown in Fig. 5 and Fig. 7. 

Similarly, a synthetic polynucleotide based on the 5 -region of clone 36 was used to screen and isolate 
cDNAs from the lambda gt-11 NANBV cDNA library which overlapped clone 36 cDNA (Section IV A8.). A 
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purified clone of recombinant phage-containing cDNA which hybridized to the synthetic polynucleotide 
probe was named clone 35 and the NANBV cDNA sequence contained within this clone is shown in Fig. 8. - 

By utilizing the technique of isolating overlapping cDNA sequences, clones containing additional 
upstream and downstream HCV cDNA sequences have been obtained. The isolation of these clones, is 
5 described infra in Section IVA 

Analysis of the nucleotide sequences of the HCV cDNAs encoded within the isolated clones show that 
the composite cDNA contains one long continuous ORF. Fig. 26 shows the sequence of the composite 
cDNA from these clones, along with the putative HCV polypeptide encoded therein. 

The description of the method to retrieve the cDNA sequences is mostly of historical interest. The 
to resultant sequences (and their complements) are provided herein, and the sequences, or any portion 
thereof, could be prepared using synthetic methods, or by a combination of synthetic methods with retrieval 
of partial sequences using methods similar to those described herein. 

Lambda-gt11 strains replicated from the HCV cDNA library and from clones 5-1-1, 81, 1-2 and 91 have 
been deposited under the terms of the Budapest Treaty with the American Type Culture Collection (ATCC), 
75 12301 Parklawn Dr., Rockville, Maryland 20852, and have been assigned the following Accession Numbers. 



Iambda-gt1 1 


ATCC 
No. 


Deposit Date 


HCV cDNA library 


40394 


1 Dec. 1987 


clone 81 


40388 


17 Nov. 1987 


clone 91 


40389 


17 Nov. 1987 


clone 1-2 


40390 


17 Nov. 1987 


clone 5-1-1 


40391 


18 Nov. 1987 



The designated deposits will be maintained for a period of thirty (30) years from the date of deposit, or 
for five (5) years after the last request for the deposit; or for the enforceable life of the U.S. patent 
whichever is longer. These deposits and other deposited materials mentioned herein are intended for 
convenience only, and are not required to practice the present invention in view of the description here. The 
HCV cDNA sequences in all of the deposited materials are incorporated herein by reference. 

The description above, of "walking" the genome by isolating overlapping cDNA sequences from the 
HCV lambda gt-11 library provides one method by which cDNAs corresponding to the entire HCV genome 
may be isolated. However, given the information provided herein, other methods for isolating these cDNAs 
are obvious to one of skill in the art Some of these methods are described in Section IVA, infra. 



II.B. Preparation of Viral Polypeptides and Fragments 

The availability of cDNA sequences, either those isolated by utilizing the cDNA sequences In Figs. 1-32, 
as discussed infra, as well as the cDNA sequences in these figures, permits the construction of expression 
vectors encoding antigenicity active regions of the polypeptide encoded in either strand. These antigeni- 
cally active regions may be derived from coat or envelope antigens or from core antigens, including, for 
example, polynucleotide binding proteins, polynucleotide polymerase^), and other viral proteins required for 
the replication and/or assembly of the virus particle. Fragments encoding the desired polypeptides are 
derived from the cDNA clones using conventional restriction digestion or by synthetic methods, and are 
ligated into vectors which may, for example, contain portions of fusion sequences such as beta-Galac- 
tosidase or superoxide dismutase (SOD), preferably SOD. Methods and vectors which are useful for the 
production of polypeptides which contain fusion sequences of SOD are described in European Patent Office 
Publication number 0196056, published October 1, 1986. Vectors encoding fusion polypeptides of SOD and 
HCV polypeptides, i.e.. NANB5-1-1. NANBsi. and C100-3, which is encoded in a composite of HCV 
cDNAs, are described in Sections IV.B.1, IV.B.2, and IV.B.4, respectively. Any desired portion of the HCV 
cDNA containing an open reading frame, in either sense strand, can be obtained as a recombinant 
polypeptide, such as a mature or fusion protein; alternatively, a polypeptide encoded in the cDNA can be 
provided by chemical synthesis. 

The DNA encoding the desired polypeptide, whether in fused or mature form, and whether or not 
containing a signal sequence to permit secretion, may be ligated into expression vectors suitable for any 
convenient host Both eukaryotic and prokaryotjc host systems are presently used in forming recombinant 
polypeptides, and a summary of some of the more common control systems and host cell lines is given in 
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Section IIIA, infra The polypeptide is then isolated from lysed cells or from the culture medium and 
purified to the extent needed for its intended use. Purification may be by techniques known in the art for 
example, salt fractionation, chromatography on ion exchange resins, affinity chromatography, centrifugation. 
and the like. See, for example, Methods in Enzymology for a variety of methods for purifying proteins. Such 

s polypeptides can be used as diagnostics, or those which give rise to neutralizing antibodies may be 
formulated into vaccines. Antibodies raised against these polypeptides can also be used as diagnostics, or 
for passive immunotherapy. In addition, as discussed in Section II.J. herein below, antibodies to these 
polypeptides are useful for isolating and identifying HCV particles. 

The HCV antigens may also be isolated from HCV virions. The virions may be grown in HCV infected 

ro ceils in tissue culture, or in an infected host 



H.C. Preparation of Antigenic Polypeptides and Conjugation with Carrier 

is An antigenic region of a polypeptide is generally relatively smalMypicaJly 8 to 10 amino acids or less 
in length. Fragments of as few as 5 amino acids may characterize an antigenic region. These segments 
may correspond to regions of HCV antigen. Accordingly, using the cDNAs of HCV as a basis, DNAS 
encoding short segments of HCV polypeptides can be expressed recombinantly either as fusion proteins, or 
as isolated polypeptides. In addition, short amino acid sequences can be conveniently obtained by chemical 

20 synthesis. In instances wherein the synthesized polypeptide is correctly configured so as to provide the 
correct epitope, but is too small to be immunogenic, the polypeptide may be linked to a suitable carrier. 

A number of techniques for obtaining such linkage are known in the art including the formation of 
disulfide linkages using N-succinimidyl-3-(2-pyridylthio)propionate (SPDP) and succinimidyl 4-(N-mal- 
eimidomethyi)cyclohexane-1-carboxylate (SMCC) obtained from Pierce Company, Rockford, Illinois, (if the 

25 peptide lacks a suifhydryl group, this can be provided by addition of a cysteine residue.) These reagents 
create a disulfide linkage between themselves and peptide cysteine residues on one protein and an amide 
linkage through the epsilon-amino on a lysine, or other free amino group in the other. A variety of such 
disuffide/amide-forming agents are known. See, for example, Immun. Rev. (1982) 62:185. Other Afunctional 
coupling agents form a thioether rather than a disulfide linkage. Many of these thio^ether-forming agents are 

30 commercially available and include reactive esters of 6-maieimidocaproic acid, 2-bromoacetic acid, 2- 
iodoacetic acid, 4^NHmaleimidornethyl)cyclohexane-1-carboxylic acid, and the like. The carboxyl groups can 
be activated by combining them with succinimide or 1-hydroxyl-2-nitro^-sulfonic acid, sodium salt The 
foregoing list is not meant to be exhaustive, and modifications of the named compounds can clearly be 
used. 

35 Any carrier may be used which does not itself induce the production of antibodies harmful to the host. 
Suitable carriers are typically large, slowly metabolized macromolecules such as proteins; polysaccharides, 
such as latex functionalized sepharose, agarose, cellulose, cellulose beads and the like; polymeric amino 
acids, such as potyglutamic acid, poiylysine. and the like; amino acid copolymers; and inactive virus 
particles, see. for example, section II.D. Especially useful protein substrates are serum albumins, keyhole 

40 limpet hemocyanin, immunoglobulin molecules, thyroglobulin. ovalbumin, tetanus toxoid, and other proteins 
well known to those skilled in the art 



II.D. Preparation of Hybrid Particle Immunogens Containing HCV Epitopes 

45 

The immunogenicity of the epitopes of HCV may also be enhanced by preparing them in mammalian or 
yeast systems fused with or assembled with particle-forming proteins such as, for example, that associated 
with hepatitis B surface antigen. Constructs wherein the NANBV epitope is linked directly to the particle- 
forming protein coding sequences produce hybrids which are immunogenic with respect to the HCV 

so epitope. In addition, all of the vectors prepared include epitopes specific to HBV, having various degrees of 
immunogenicity, such as, for example, the pre-S peptide. Thus, particles constructed from particle forming 
protein which include HCV sequences are immunogenic with respect to HCV and HBV. 

Hepatitis surface antigen (HBSAg) has been shown to be formed and assembled into particles in S. 
cerevisiae (Valenzuela et at (1982)), as well as in, for example, mammalian cells (Valenzuela, P., et at 

55 (1984)). The formation of such particles has been shown to enhance the immunogenicity of the monomer 
subunit The constructs may also include the immunodominant epitope of HBSAg, comprising the 55 amino 
acids of the presurface (pre-S) region. Neurath et al. (1984). Constructs of the pre-S-HBSAg particle 
expressible in yeast are disclosed in EPO 174,444, published March 19. 1986; hybrids including heterolo- 
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gous viral sequences for yeast expression are disclosed in EPO 175,261. published March 26, 1966. Both 
applications are assigned to the herein assignee, and are incorporated herein by reference. These 
constructs may also be expressed in mammalian cells such as Chinese hamster ovary (CHO) cells using an 
SV40-dihydrofolate reductase vector (Michelle et al. (1984)). 
5 In addition, portions of the particle-forming protein coding sequence may be replaced with codons 
encoding an HCV epitope. In this replacement, regions which are not required to mediate the aggregation of 
the units to form immunogenic particles in yeast or mammals can be deleted, thus eliminating additional 
HBV antigenic sites from competition with the HCV epitope. 

70 

II.E Preparation of Vaccines 

Vaccines may be prepared from one or more immunogenic polypeptides derived from HCV cDNA as 
well as from the cDNA sequences in the Figs. 1-32, or from the HCV genome to which they correspond. 

75 The observed homology between HCV and Flaviviruses provides information concerning the polypeptides 
which are likely to be most effective as vaccines, as well as the regions of the genome in which they are 
encoded. The general structure of the Ravivirus genome is discussed in Rice et al (1986). The flavivirus 
genomic RNA is believed to be the only virus-specific mRNA species, and it is translated into the three viral 
structural proteins, i.e., C. M, and E, as well as two large nonstructural proteins, NV4 and NV5, and a 

20 complex set of smaller nonstructural proteins. It is known that major neutralizing epitopes for Flaviviruses 
reside in the E (envelope) protein (Roehrig (1986)). The corresponding HCV E gene and polypeptide 
encoding region can be predicted, based upon the homology to Flaviviruses. Thus, vaccines may be 
comprised of recombinant polypeptides containing epitopes of HCV E These polypeptides may be 
expressed in bacteria, yeast, or mammalian cells, or alternatively may be isolated from viral preparations. It 

25 is also anticipated that the other structural proteins may also contain epitopes which give rise to protective 
anti-HCV antibodies. Thus, polypeptides containing the epitopes of E, C, and M may also be used, whether 
singly or in combination, in HCV vaccines. 

In addition to the above, it has been shown that immunization with NS1 (nonstructural protein 1), results 
in protection against yellow fever (Schiesinger et al (1986)). This is true even though the immunization does 

30 not give rise to neutralizing antibodies. Thus, particularly since this protein appears to be highly conserved 
among Flaviviruses, it is likely that HCV NS1 will also be protective against HCV infection. Moreover, it also 
shows that nonstructural proteins may provide protection against viral pathogenicity, even if they do not 
cause the production of neutralizing antibodies. 

In view of the above, multivalent vaccines against HCV may be comprised of one or more structural 

as proteins, and/or one or more nonstructural proteins. These vaccines may be comprised of, for example, 
recombinant HCV polypeptides and/or polypeptides isolated from the virions. In addition, it may be possible 
to use inactivated HCV in vaccines; inactivation may be by the preparation of viral lysates, or by other 
means known in the art to cause inactivation of Flaviviruses, for example, treatment with organic solvents or 
detergents, or treatment with formalin. Moreover, vaccines may also be prepared from attenuated HCV 

40 strains. The preparation of attenuated HCV strains is described infra. 

It is known that some of the proteins in Flaviviruses contain highly conserved regions, thus, some 
immunological cross-reactivity is expected between HCV and other Flaviviruses. It is possible that shared 
epitopes between the Flaviviruses and HCV will give rise to protective antibodies against one or more of the 
disorders caused by these pathogenic agents. Thus, it may be possible to design multipurpose vaccines 

45 based upon this knowledge. 

The preparation of vaccines which contain an immunogenic polypeptide^) as active ingredients, is 
known to one skilled in the art. Typically, such vaccines are prepared as injectables, either as liquid 
solutions or suspensions; solid forms suitable for solution in, or suspension in, liquid prior to injection may 
also be prepared. The preparation may also be emulsified, or the protein encapsulated in liposomes. The 

so active immunogenic ingredients are often mixed with excipients which are pharmaceutical^ acceptable and 
compatible with the active ingredient Suitable excipients are, for example, water, saline, dextrose, glycerol, 
ethanol, or the like and combinations thereof. In addition, if desired, the vaccine may contain minor amounts 
of auxiliary substances such as wetting or emulsifying agents, pH buffering agents, and/or adjuvants which 
enhance the effectiveness of the vaccine. Examples of adjuvants which may be effective include but are not 

55 limited to: aluminum hydroxide, N-acetyl-muramyl-L-threonyl-D-isoglutamine (thr-MDP), N-acetykior- 
muramyl-L-alanyW>4soglutamine (CGP 11637, referred to as nor-MDP), N-acetylmuramyl-L-alanyl-D- 
isoglutaminyl-L-alanine-2-(1 '^'-dipalmitoyl-sn-glycero-S-hydroxyphosphoryloxyJ-ethy lamine (CGP 1 9835 A, 
referred to as MTP-PE), and RIBI, which contains three components extracted from bacteria, mon- 
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ophosphoryl lipid A, trehalose dimycolate and cell wall skeleton (MPL+TDM + CWS) in a 2% 
squaJene/Twe8n 80 emulsion. The effectiveness of an adjuvant may be determined by measuring the 
amount of antibodies directed against an immunogenic polypeptide containing an HCV antigenic sequence 
resulting from administration of this polypeptide in vaccines which are also comprised of the various 
5 adjuvants. 

The vaccines are conventionally administered parenterally, by injection, for example, either sub- 
cutaneously or intramuscularly. Additional formulations which are suitable for other modes of administration 
include suppositories and, in some cases, oral formulations. For suppositories, traditional binders and 
carriers may include, for example, polyalkylene glycols or triglycerides; such suppositories may be formed 

io from mixtures containing the active ingredient in the range of 0.5% to 10%, preferably 1%-2%. Oral 
formulations include such normally employed excipients as, for example, pharmaceutical grades of 
mannitol, lactose, starch, magnesium stearate, sodium saccharine, cellulose, magnesium carbonate, and the 
like. These compositions take the form of solutions, suspensions, tablets, pills, capsules, sustained release 
formulations or powders and contain 10%-95% of active ingredient, preferably 25%-70%. 

is The proteins may be formulated into the vaccine as neutral or salt forms. Pharmaceutically acceptable 
salts include the add addition salts (formed with free amino groups of the peptide) and which are formed 
with inorganic acids such as, for example, hydrochloric or phosphoric acids, or such organic acids such as 
acetic, oxalic, tartaric, maleic, and the like. Salts formed with the free carboxyl groups may also be derived 
from inorganic bases such as. for example, sodium, potassium, ammonium, calcium, or ferric hydroxides, 

20 and such organic bases as isopropyiamine, trimethylamine, 2-ethylamino ethanol, histidine. procaine, and 
the like. 



II.F. Dosage and Administration of Vaccines 

25 

The vaccines are administered in a manner compatible with the dosage formulation, and in such 
amount as will be prophylactically and/or therapeutically effective. The quantity to be administered, which is 
generally in the range of 5 micrograms to 250 micrograms of antigen per dose, depends on the subject to 
be treated, capacity of the subject's immune system to synthesize antibodies, and the degree of protection 
30 desired. Precise amounts of active ingredient required to be administered may depend on the judgment of 
the practitioner and may be peculiar to each subject 

The vaccine may be given in a single dose schedule, or preferably in a multiple dose schedule. A 
multiple dose schedule is one in which a primary course of vaccination may be with 1-10 separate doses, 
followed by other doses given at subsequent time intervals required to maintain and or reenforce the 
35 immune response, for example, at 1-4 months for a second dose, and if needed, a subsequent dose(s) after 
several months. The dosage regimen will also, at least in part, be determined by the need of the individual 
and be dependent upon the judgment of the practitioner. 

In addition, the vaccine containing the Immunogenic HCV antigen(s) may be administered in conjunction 
with other immunoregulatory agents, for example, immune globulins. 

40 

II.G. Preparation of Antibodies Against HCV Epitopes 

The immunogenic polypeptides prepared as described above are used to produce antibodies, both 
45 polyclonal and monoclonal. If polyclonal antibodies are desired, a selected mammal (e.g., mouse, rabbit, 
goat, horse, etc.) is immunized with an immunogenic polypeptide bearing an HCV epitope(s). Serum from 
the immunized animal is collected and treated according to known procedures. If serum containing 
polyclonal antibodies to an HCV epitope contains antibodies to other antigens, the polyclonal antibodies can 
be purified by immunoafRnlty chromatography. Techniques for producing and processing polyclonal 
so antisera are known in the art, see for example, Mayer and Walker (1987). 

Alternatively, polyclonal antibodies may be isolated from a mammal which has been previously infected 
with HCV. An example of a method for purifying antibodies to HCV epitopes from serum from an infected 
individual, based upon affinity chromatography and utilizing a fusion polypeptide of SOD and a polypeptide 
encoded within cONA clone 5-1-1, is presented in Section V.E 
55 Monoclonal antibodies directed against HCV epitopes can also be readily produced by one skilled in 
the art The general methodology for making monoclonal antibodies by hybridomas is well known. Immortal 
antibody-producing cell lines can be created by cell fusion, and also by other techniques such as direct 
transformation of B lymphocytes with oncogenic DNA, or transfection with Epstein-Barr virus. See. e.g.. M. 
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Schreier et a!. (1980); Hammeiiing et al. (1981); Kennett et al..(1980); see also, U.S. Patent Nos. 4,341,761; 
4,399,121; 4.427,783; 4.444,887; 4,466,917; 4,472,500; 4,491.632; and 4.493,890. Panels of monoclonal 
antibodies produced against HCV epitopes can be screened for various properties; i.e.. for isotype, epitope 
affinity, etc. 

5 Antibodies, both monoclonal and polyclonal, which are directed against HCV epitopes are particularly 
useful in diagnosis, and those which are neutralizing are useful in passive immunotherapy. Monoclonal 
antibodies, in particular, may be used to raise antiidiotype antibodies. 

Antiidiotype antibodies are immunoglobulins which carry an "internal image" of the antigen of the 
infectious agent against which protection is desired. See, for example, Nisonoff, A., et al. (1981) and 
70 Dreesman et al. (1985). 

Techniques for raising anti-idiotype antibodies are known in the art. See, for example, Grzych (1985), 
MacNamara et al. (1984), and Uytdehaag et al. (1985). These anti-idiotype antibodies may also be useful for 
treatment of NANBH, as well as for an elucidation of the immunogenic regions of HCV antigens. 

75 

II.H. Diagnostic Oligonucleotide Probes and Kits 

Using the disclosed portions of the isolated HCV cDNAs as a basis, including those in Figs. 1-32, 
oligomers of approximately 8 nucleotides or more can be prepared, either by excision or synthetically, 

20 which hybridize with the HCV genome and are useful in identification of the viral agent(s), further 
characterization of the viral genome(s), as well as in detection of the virus(es) in diseased individuals. The 
probes for HCV polynucleotides (natural or derived) are a length which allows the detection of unique viral 
sequences by hybridization. While 6-8 nucleotides may be a workable length, sequences of 10-12 
nucleotides are preferred, and about 20 nucleotides appears optimal. Preferably, these sequences will 

25 derive from regions which tack heterogeneity. These probes can be prepared using routine methods, 
including automated oligonucleotide synthetic methods. Among useful probes, for example, are the done 5- 
1-1 and the additional clones disclosed herein, as well as the various oligomers useful in probing cDNA 
libraries, set forth below. A complement to any unique portion of the HCV genome will be satisfactory. For 
use as probes, complete complementarity is desirable, though it may be unnecessary as the length of the 

so fragment is increased. 

For use of such probes as diagnostics, the biological sample to be analyzed, such as blood or serum, is 
treated, if desired, to extract the nucleic acids contained therein. The resulting nucleic acid from the sample 
may be subjected to gel electrophoresis or other size separation techniques; alternatively, the nucleic acid 
sample may be dot blotted without size separation. The probes are then labeled. Suitable labels, and 

35 methods for labeling probes are known in the art and include, for example, radioactive labels incorporated 
by nick translation or kinasing, biotin, fluorescent probes, and chemi luminescent probes. The nucleic acids 
extracted from the sample are then treated wfth the labeled probe under hybridization conditions of suitable 
stringencies. 

The probes can be made completely complementary to the HCV genome. Therefore, usually high 

40 stringency conditions are desirable in order to prevent false positives. However, conditions of high 
stringency should only be used if the probes are complementary to regions of the viral genome which lack 
heterogeneity. The stringency of hybridization is determined by a number of factors during hybridization 
and during the washing procedure, including temperature, ionic strength, length of time, and concentration 
of formamide. These factors are outlined in, for example, Maniatis, T. (1982). 

45 Generally, it is expected that the HCV genome sequences will be present in serum of infected 
individuals at relatively low levels, i.e., at approximately lOMO 3 sequences per ml. This level may require 
that amplification techniques be used in hybridization assays. Such techniques are known in the art For 
example, the Enzo Biochemical Corporation "Bio-Bridge" system uses terminal deoxynucleotide transferase 
to add unmodified 3'-poly-dT-tails to a DNA probe. The poly dT-tailed probe is hybridized to the target 

so nucleotide sequence, and then to a biotin-modified poly-A. PCT application 84/03520 and EPA1 24221 
describe a DNA hybridization assay in which: (1) analyte is annealed to a single-stranded DNA probe that is 
complementary to an enzyme-labeled oligonucleotide; and (2) the resulting tailed duplex is hybridized to an 
enzyme-labeled oligonucleotide. EPA 204510 describes a DNA hybridization assay in which analyte DNA is 
contacted with a probe that has a tail, such as a poly-dT tail, an amplifier strand that has a sequence that 

55 hybridizes to the tail of the probe, such as a poly-A sequence, and which is capable of binding a plurality of 
labeled strands. A particularly desirable technique may first involve amplification of the target HCV 
sequences in sera approximately 10,000 fold, i.e., to approximately 10 s sequences/ml. This may be 
accomplished, for example, by the technique of Saiki et al. (1986). The amplified sequence(s) may then be 
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detected using a hybridization assay which is described in co-pending U.S. Application, Attorney Docket 
No. 2300-0171, which was filed 15 October 1987, is assigned to the herein assignee, and is hereby 
incorporated herein by reference. This hybridization assay, which should detect sequences at the level of 
lO^-ml utilizes nucleic acid muftimers which bind to single-stranded analyte nucleic acid, and which also 

5 bind to a multiplicity of single-stranded labeled oligonucleotides. A suitable solution phase sandwich assay 
which may be used with labeled polynucleotide probes, and the methods for the preparation of probes is 
described in EPO 225,807, published June 16, 1987, which is assigned to the herein assignee, and which is 
hereby incorporated herein by reference. 

The probes can be packaged into diagnostic kits. Diagnostic kits include the probe DNA, which may be 

io labeled; alternatively, the probe DNA may be unlabeled and the ingredients for labeling may be included in 
the kit. The kit may also contain other suitably packaged reagents and materials needed for the particular 
hybridization protocol, for example, standards, as well as instructions forconducting the test 



15 ILL Immunoassay and Diagnostic Kits 

Both the polypeptides which react immunologically with serum containing HCV antibodies, for example, 
those derived from or encoded within the clones described in Section IVA, and composites thereof, (see 
section IVA) and the antibodies raised against the HCV specific epitopes in these polypeptides, see for 

20 example Section IV.E, are useful in immunoassays to detect presence of HCV antibodies, or the presence 
of the virus and/or viral antigens, in biological samples, including for example, blood or serum samples. 
Design of the immunoassays is subject to a great deal of variation, and a variety of these are known in the 
art For example, the immunoassay may utilize one viral antigen, for example, a polypeptide derived from 
any of the clones containing HCV cDNA described in Section IVA, or from the composite cDNAs derived 

25 from the cDNAs in these clones, or from the HCV genome from which the cDNA in these clones is derived; 
alternatively, the immunoassay may use a combination of viral antigens derived from these sources. It may 
use. for example, a monoclonal antibody directed towards a viral epitope(s), a combination of monoclonal 
antibodies directed towards one viral antigen, monoclonal antibodies directed towards different viral 
antigens, polyclonal antibodies directed towards the same viral antigen, or polyclonal antibodies directed 

30 towards different viral antigens. Protocols may be based, for example, upon competition, or direct reaction, 
or sandwich type assays. Protocols may also, for example, use solid supports, or may be by im- 
munoprecipitation. Most assays involve the use of labeled antibody or polypeptide; the labels may be, for 
example, fluorescent, chemiluminescent, radioactive, or dye molecules. Assays which amplify the signals 
from the probe are also known; examples of which are assays which utilize biotin and avidin. and enzyme- 

35 labeled and mediated immunoassays, such as EUSA assays. 

The Flavivirus model for HCV allows predictions regarding the likely location of diagnostic epitopes for 
the virion structural proteins. The C, pre-M, M, and E domains are all likely to contain epitopes of significant 
potential for detecting viral antigens, and particularly for diagnosis. Similarly, domains of the nonstructural 
proteins are expected to contain important diagnostic epitopes (e.g., NS5 encoding a putative polymerase; 

40 and NS1 encoding a putative complement-binding antigen). Recombinant polypeptides, or viral polypep- 
tides, which include epitopes from these specific domains may be useful for the detection of viral antibodies 
in infections blood donors and infected patients. 

In addition, antibodies directed against the E and/or M proteins can be used in immunoassays for the 
detection of viral antigens in patients with HCV caused NANBH, and in infectious blood donors. Moreover. 

45 these antibodies will be extremely useful in detecting acute-phase donors and patients. 

Kits suitable for immunodiagnosis and containing the appropriate labeled reagents are constructed by 
packaging the appropriate materials, including the polypeptides of the invention containing HCV epitopes or 
antibodies directed against HCV epitopes in suitable containers, along with the remaining reagents and 
materials required for the conduct of the assay, as well as a suitable set of assay instructions. 

50 

IU. Further Characterization of the. HCV Genome, Virions, and Viral Antigens Using Probes Derived From 
cDNA to the Viral Genome 

55 The HCV cDNA sequence information in the clones described in Section IVA, as shown in Rgs. 1-32, 
inclusive, may be used to gain further information on the sequence of the HCV genome, and for 
identification and isolation of the HCV agent, and thus will aid in its characterization including the nature of 
the genome, the structure of the viral particle, and the nature of the antigens of which it is composed. This 
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information, in turn, can lead to additional polynucleotide probes, polypeptides derived from the HCV 
genome, and antibodies directed against HCV epitopes which would be useful for the diagnosis and/or 
treatment of HCV caused NANBH. 

The cDNA sequence information in the above-mentioned clones is useful for the design of probes for 

5 the isolation of additional cDNA sequences which are derived from as yet undefined regions of the HCV 
genome<s) from which the cDNAs in clones described in Section IVA are derived. For example, labeled 
probes containing a sequence of approximately 8 or more nucleotides, and preferably 20 or more 
nucleotides, which are derived from regions close to the 5-termini or 3-termini of the family of HCV cDNA 
sequences shown in Figs. 1, 3, 6, 9, 14 and 32 may be used to isolate overlapping cDNA sequences from 

w HCV cDNA libraries. These sequences which overlap the cDNAs in the above-mentioned clones, but which 
also contain sequences derived from regions of the genome from which the cDNA in the above mentioned 
clones are not derived, may then be used to synthesize probes for identification of other overlapping 
fragments which do not necessarily overlap the cDNAs in the clones described in Section IVA Unless the 
HCV genome is segmented and the segments lack common sequences, it is possible to sequence the 

75 entire viral genome(s) utilizing the technique of isolation of overlapping cDNAs derived from the viral 
genome(s). Although it is unlikely, if the genome is a segmented genome which lacks common sequences, 
the sequence of the genome can be determined by serologically screening Iambda-gt11 HCV cDNA 
libraries, as used to isolate clone 5-1-1, sequencing cDNA isolates, and using the isolated cDNAs to isolate 
overlapping fragments, using the technique described for the isolation and sequencing of the clones 

20 described in Section IVA Alternatively, characterization of the genomic segments could be from the viral 
genome(s) isolated from purified HCV particles. Methods for purifying HCV particles and for detecting them 
during the purification procedure are described herein, infra Procedures for isolating polynucleotide 
genomes from viral particles are known in the art and one procedure which may be used is shown in 
Example IV A1. The isolated genomic segments could then be cloned and sequenced. Thus, with the 

25 information provided herein, it is possible to clone and sequence the HCV genome(s) irrespective of their 
nature. 

Methods for constructing cDNA libraries are known in the art, and are discussed supra and infra; a 
method for the construction of HCV cDNA libraries in Iambda-gt11 is discussed infra in Section IVA 
However, cDNA libraries which are useful for screening with nucleic acid probes may also be constructed in 

30 other vectors known in the art, for example, Iambda-gt10 (Huynh et al. (1985)). The HCV derived cDNA 
detected by the probes derived from the cDNAs in Figs. 1-32, and from the probes synthesized from 
polynucleotides derived from these cDNAs, may be isolated from the clone by digestion of the isolated 
polynucleotide with the appropriate restriction enzyme(s), and sequenced. See, for example, Section IV A3, 
and IVA.4. for the techniques used for the isolation and sequencing of HCV cDNA which overlaps HCV 

35 cDNA in clone 5-1-1, Sections IVA5-IVA7 for the isolation and sequencing of HCV cDNA which overlaps 
that in clone 81. and Section IV A8 and IV A9 for the isolation and sequencing of a clone which overlaps 
another clone (clone 36), which overlaps clone 81. 

The sequence information derived from these overlapping HCV cDNAs is useful for determining areas 
of homology and heterogeneity within the viral genome(s), which could indicate the presence of different 

40 strains of the genome, and/or of populations of defective particles. It is also useful for the design of 
hybridization probes to detect HCV or HCV antigens or HCV nucleic acids in biological samples, and during 
the isolation of HCV (discussed infra), utilizing the techniques described in Section ILG. Moreover, the 
overlapping cDNAs may be used to create expression vectors for polypeptides derived from the HCV 
genome(s) which also encode the polypeptides encoded in clones 5-1-1, 36, 81, 91, and 1-2, and in the 

45 other clones described in Section IVA The techniques for the creation of these polypeptides containing 
HCV epitopes, and for antibodies directed against HCV epitopes contained within them, as well as their 
uses, are analogous to those described for polypeptides derived from NANBV cDNA sequences contained 
within clones 5-1-1, 32. 35, 36, 1-2, 81, and 91, discussed supra and infra. 

Encoded within the family of cDNA sequences contained within clones 5-1-1, 32, 35, 36. 81, 91, 1-2, 

so and the other clones described in Section IVA are antigen(s) containing epitopes which appear to be 
unique to HCV; i.e., antibodies directed against these antigens are absent from individuals infected with 
HAV or HBV, and from individuals not infected with HCV (see the serological data presented in Section 
IV.B.). Moreover, a comparison of the sequence information of these cDNAs with the sequences of HAV, 
HBV, HDV, and with the genomic sequences in Genebank indicates that minimal homology exists between 

55 these cDNAs and the polynucleotide sequences of those sources. Thus, antibodies directed against the 
antigens encoded within the cDNAs of these clones may be used to identify BB-NANBV particles isolated 
from infected individuals. In addition, they are also useful for the isolation of NANBH agent(s). 

HCV particles may be isolated from the sera from BB-NANBV infected individuals or from cell cultures 
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by any of the methods known in the art, including for example, techniques based on size discrimination 
such as sedimentation or exclusion methods, or techniques based on density such as ultracentrifugation in 
density gradients, or precipitation with agents such as polyethylene glycol, or chromatography on a variety 
of materials such as anionic or cationic exchange materials, and materials which bind due to hydrophobic- 

5 ity, as well as affinity columns. During the isolation procedure the presence of HCV may be detected by 
hybridization analysis of the extracted genome, using probes derived from the HCV cDNAs described 
supra, or by immunoassay (see Section ILL) utilizing as probes antibodies directed against HCV antigens 
encoded within the family of cDNA sequences shown in Figs. 1-32, and also directed against HCV antigens 
encoded within the overlapping HCV cDNA sequences discussed supra. The antibodies may be mon- 

10 oclonal, or polyclonal, and it may be desirable to purify the antibodies before their use in the immunoassay. 
A purification procedure for polyclonal antibodies directed against antigen(s) encoded within clone 5-1-1 is 
described in Section IV.E; analogous purification procedures may be utilized for antibodies directed against 
other HCV antigens. 

Antibodies directed against HCV antigens encoded within the family of cDNAs shown in Figs. 1-32, as 
75 well as those encoded within overlapping HCV cDNAs, which are affixed to solid supports are useful for the 
isolation of HCV by immunoaffinity chromatography. Techniques for immunoaffinity chromatography are 
known in the art, including techniques for affixing antibodies to solid supports so that they retain their 
irnmunoselective activity; the techniques may be those in which the antibodies are adsorbed to the support 
(see, for example. Kurstak in ENZYME IMMUNODIAGNOSIS. page 31-37), as well as those in which the 
20 antibodies are covalentfy linked to the support Generally, the techniques are similar to those used for 
covalent linking of antigens to a solid support, which are generally described in Section H.C.; however, 
spacer groups may be included in the bifunctional coupling agents so that the antigen binding site of the 
antibody remains accessible. 

During the purification procedure the presence of HCV may be detected and/or verified by nucleic acid 
25 hybridization, utilizing as probes polynucleotides derived from the family of HCV cDNA sequences shown in 
Figs. 1-32, as well as from overlapping HCV cDNA sequences, described supra. In this case, the fractions 
are treated under conditions which would cause the disruption of viral particles, for example, with detergents 
in the presence of chelating agents, and the presence of viral nucleic acid determined by hybridization 
techniques described in Section ILH. Further confirmation that the isolated particles are. the agents which 
do induce HCV may be obtained by infecting chimpanzees with the isolated virus particles, followed by a 
determination of whether the symptoms of NANBH result from the infection. 

Viral particles from the purified preparations may then be further characterized. The genomic nucleic 
acid has been purified. Based upon its sensitivity to RNase, and not DNase I, ft appears that the virus is 
composed of an RNA genome. See Example IV.CiL, infra. The strandedness and circularity or non- 
35 circularity can determined by techniques known in the art, including, for example, its visualization by 
electron microscopy, its migration in density gradients, and Ms sedimentation characteristics. Based upon 
the hybridization of the captured HCV genome to the negative strands of HCV cDNAs, It appears that HCV 
may be comprised of a positive stranded RNA genome (see Section rv.H.1). Techniques such as these are 
described in, for example. METHODS IN ENZYMOLOGY. In addition, the purified nucleic acid can be 
40 cloned and sequenced by known techniques, including reverse transcription since the genomic material is 
RNA. See, for example, Maniatis (1982), and Glover (1985). Utilizing the nucleic acid derived from the viral 
particles, it is possible to sequence the entire genome, whether or not it is segmented. 

Examination of the homology of the polypeptide encoded within the continuous ORF of combined 
clones 14i through 39c (see Fig. 26), shows that the HCV polypeptide contains regions of homology with 
45 the corresponding proteins in conserved regions of flaviviruses. An example of this is described in Section 
IV.H.3. This finding has many important ramifications. First, this evidence, in conjunction with the results 
which show that HCV contains a positive-stranded genome, the size of which is approximately 10,000 
nucleotides, is consistent with the suggestion that HCV is a ffavivirus, or flavi-like virus. Generally, flavivirus 
virions and their genomes have a relatively consistent structure and organization, which are known. See 
so Rice et al. (1986). and Brinton, MA (1988). Thus, the structural genes encoding the polypeptides C, pre- 
M/M, and E may be located in the 5 -terminus of the genome upstream of clone 141. Moreover, using the 
comparison with other flaviviruses. predictions as to the precise location of the sequences encoding these 
proteins can be made. 

Isolation of the sequences upstream of those in clone 14i may be accomplished in a number of ways 
55 which, given the information herein, would be obvious to one of skill in the art. For example, the genome 
"walking" technique, may be used to isolate other sequences which are 5 to those in done 14i, but Which 
overlap that clone; this in turn leads to the isolation of additional sequences. This technique has been amply 
demonstrated infra, in Section IV A. For example, also, it is known that the flaviviruses have conserved 
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epitopes and regions of conserved nucleic acid sequences. Polynucleotides containing the conserved 
sequences may be used as probes which bind the HCV genome, thus allowing its. isolation. In addition, 
these conserved sequences, in conjunction with those derived from the HCV cDNAs shown in Rg. 22, may 
be used to design primers for use in systems which amplify the genome sequences upstream of those in 

5 clone 14i, using polymerase chain reaction technology. An example of this is described infra 

The structure of the HCV may also be determined and its components isolated. The morphology and 
size may be determined by, for example, electron microscopy. The identification and localization of specific 
viral polypeptide antigens such as coat or envelope antigens, or internal antigens, such as nucleic acid 
binding proteins, core antigens, and polynucleotide polymerase^) may also be determined by, for example, 

w determining whether the antigens are present as major or minor viral components, as well as by utilizing 
antibodies directed against the specific antigens encoded within isolated cDNAs as probes. This information 
is useful in the design of vaccines; for example, it may be preferable to include an exterior antigen in a 
vaccine preparation. Multivalent vaccines may be comprised of, for example, a polypeptide derived from the 
genome encoding a structural protein, for example, E, as well as a polypeptide from another portion of the 

75 genome, for example, a nonstructural or structural polypeptide. 



U.K. Cell Culture Systems and Animal Model Systems for HCV Replication 

20 The suggestion that HCV is a flavivirus or flavi-like virus also provides information on methods- for 
growing HCV. The term "Aavi-like" means that the virus shows a significant amount of homology to the 
known conserved regions of flavi viruses and that the majority of the genome is a single ORF. Methods for 
culturing flaviviruses are known to those of skill in the art ( See, for example, the reviews by Brinton (1986) 
and Stollar, v. (1980)). Generally, suitable cells or cell lines for culturing HCV may include those known to 

25 support Flavivirus replication, for example, the following: monkey kidney cell lines (e.g. MK2, VERO); 
porcine kidney cell lines (e.g. PS); baby hamster kidney cell lines (e.g. BHK); murine macrophage cell lines 
(e.g., P388D1, MK1, Mm1); human macrophage cell lines (e.g., U-937); human peripheral blood leukocytes; 
human adherent monocytes; hepatocytes or hepatocyte cell lines (e.g., HUH7 t HEPG2); embryos or 
embryonic cells (e.g., chick embryo fibroblasts); or cell lines derived from invertebrates, preferably from 

30 insects (e.g. drosophila cell lines), or more preferably from arthropods, for example, mosquito cell lines 
(e.g., A. Albopictus, Aedes aegypti, Cutex tritaeniorhynchus) or tick cell lines (e.g. RML-14 Dermacentor 
parumapertus). 

It is possible that primary hepatocytes can be cultured, and then infected with HCV; or alternatively, the 
hepatocyte cultures could be derived from the livers of infected individuals (e.g., humans or chimpanzees). 

35 The latter case is an example of a cell which is infected in vivo being passaged in vitro. In addition, various 
immortalization methods can be used to obtain cell-lines" derived from hepatocyte cultures. For example, 
primary liver cultures (before and after enrichment of the hepatocyte population) may be fused to a variety 
of cells to maintain stability. For example, also, cultures may be infected with transforming viruses, or 
transfected with transforming genes in order to create permanent or semipermanent cell lines. In addition, 

40 for example, cells in liver cultures may be fused to established cell lines (e.g., HepG2 ). Methods for cell 
fusion are known in the art, and include, for example, the use of fusion agents such as polyethylene glycol, 
Sendai Virus, and Epstein-Barr virus. 

As discussed above, HCV is a Flavivirus or Ravi-like virus. Therefore, it is probable that HCV infection 
of cell lines may be accomplished by techniques known in the art for infecting cells with Flaviviruses. These 

45 include, for example, incubating the cells with viral preparations under conditions which allow viral entry into 
the cell. In addition, it may be possible to obtain viral production by transfecting the cells with Isolated viral 
polynucleotides. It is known that Togavirus and Flavivirus RNAs are infectious in a variety of vertebrate cell 
lines (Pfefferkom and Shapiro 1974)), and in a mosquito cell line (Peleg (1969)). Methods for transfecting 
tissue culture cells with RNA duplexes, positive stranded RNAs, and DNAs (including cDNAs) are known in 

so the art, and include, for example, techniques which use electroporation, and precipitation with DEAE- 
Dextran or calcium phosphate. An abundant source of HCV RNA can be obtained by performing in vitro 
transcription of an HCV cDNA corresponding to the complete genome. Transfection with this material, or 
with cloned HCV cDNA should result in viral replication and the in vitro propagation of the virus. 

In addition to cultured cells, animal model systems may be~used for viral replication; animal systems in 

55 which flaviviruses are known to those of skill in the art (See. for example, the review by Monath (1986)). 
Thus, HCV replication may occur not only in chimpanzees, but also in, for example, marmosets and 
suckling mice. 
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ILL Screening for Anti-Viral Agents for HCV 

The availability of cell culture and animal model systems for HCV also makes possible screening for 
anti-viral agents which inhibit HCV replication, and particularly for those agents which preferentially allow 

5 cell growth and multiplication while inhibiting viral replication. These screening methods are known by those 
of skill in the art Generally, the anti-viral agents are tested at a variety of concentrations, for their effect on 
preventing viral replication in cell culture systems which support viral replication, and then for an inhibition 
of infectivity or of viral pathogenicity (and a low level of toxicity) in an animal model system. 

The methods and compositions provided herein for detecting HCV antigens and HCV polynucleotides 

10 are useful for screening of anti-viral agents in that they provide an alternative, and perhaps more sensitive 
means, for detecting the agent's effect on viral replication than the cell plaque assay or ID50 assay. For 
example, the HCV-polynucleotide probes described herein may be used to quantitate the amount of viral 
nucleic acid produced in a cell culture. This could be accomplished, for example, by hybridization or 
competition hybridization of the infected cell nucleic acids with a labeled HCV-polynucleotide probe. For 

is example, also, anti-HCV antibodies may be used to identify and quantitate HCV antigen(s) in the cell culture 
utilizing the immunoassays described herein. In addition, since it may be desirable to quantitate HCV 
antigens in the infected cell culture by a competition assay, the polypeptides encoded within the HCV 
cDNAs described herein are useful in these competition assays. Generally, a recombinant HCV polypeptide 
derived from the HCV cDNA would be labeled, and the inhibition of binding of this labeled polypeptide to an 

20 HCV polypeptide due to the antigen produced in the cell culture system would be monitored. Moreover, 
these techniques are particularly useful in cases where the HCV may be able to replicate in a cell line 
without causing cell death. 



25 II.M. Preparation of Attenuated Strains of HCV 

In addition to the above, utilizing the tissue culture systems and/or animal model systems, it may be 
possible to isolate attenuated strains of HCV. These strains would be suitable for vaccines, or for the 
isolation of viral antigens. Attenuated strains are isolatable after multiple passages in cell culture and/or an 

30 animal model. Detection of an attenuated strain in an infected cell or individual is achievable by techniques 
known in the art and could include, for example, the use of antibodies to one or more epitopes encoded in 
HCV as a probe or the use of a polynucleotide containing an HCV sequence of at least about 8 nucleotides 
as a probe. Alternatively, or in addition, an attenuated strain may be constructed utilizing the genomic 
information of HCV provided herein, and utilizing recombinant techniques. Generally, one would attempt to 

35 delete a region of the genome encoding, for example, a polypeptide related to pathogenicity, but which 
allows viral replication. In addition, the genome construction would ailow the expression of an epitope which 
gives rise to neutralizing antibodies for HCV. The altered genome could then be utilized to transform cells 
which allow HCV replication, and the cells grown under conditions to allow viral replication. Attenuated HCV 
strains are useful not only for vaccine purposes, but also as sources for the commercial production of viral 

40 antigens, since the processing of these viruses would require less stringent protection measures for the 
employees involved in viral production and/or the production of viral products. 



HI. General Methods 

45 

The general techniques used in extracting the genome from a virus, preparing and probing a cDNA 
library, sequencing clones, constructing expression vectors, transforming cells, performing immunological 
assays such as radioimmunoassays and EUSA assays, for growing cells in culture, and the like are known 
in the art and laboratory manuals are available describing these techniques. However, as a general guide, 
so the following sets forth some sources currently available for such procedures, and for materials useful in 
carrying them out 



III A Hosts and Expression Control Sequences 

Both prokaryotic and eukaryotic host cells may be used for expression of desired coding sequences 
when appropriate control sequences which are compatible with the designated host are used. Among 
prokaryotic hosts, E. con is most frequently used. Expression control sequences for prokaryotes include 



24 



EP 0 318 216 A1 



promoters, optionally containing operator portions, and ribosome binding sites. Transfer vectors compatible 
with prokaryotic hosts are commonly derived from, for example, pBR322, a plasmid containing operons 
conferring ampicillin and tetracycline resistance, and the various pUC vectors, which also contain se- 
quences conferring antibiotic resistance markers. These markers may be used to obtain successful 

5 transform ants by selection. Commonly used prokaryotic control sequences include the Beta-lactamase 
(penicillinase) and lactose promoter systems (Chang et a!. (1977)), the tryptophan (trp) promoter system 
(Goeddel et al. (1980)) and the lambda-derived P L promoter and N gene ribosome binding site (Shimatake 
et al. (1981)) and the hybrid tac promoter (De Boer et al. (1983)) derived from sequences of the trp and lac 
UV5 promoters. The foregoing systems are particularly compatible with E. coli; if desired, other prokaryotic 

10 hosts such as strains of Bacillus or Pseudomonas may be used, with corresponding control sequences. 

Eukaryotic hosts include yeast and mammalian cells in culture systems. Saccharomyces cerevisiae and 
Saccharomyces carlsbergensis are the most commonly used yeast hosts, and are convenient fungal hosts. 
Yeast compatible vectors carry markers which permit selection of successful transformants by conferring 
prototrophy to auxotrophic mutants or resistance to heavy metals on wild-type strains. Yeast compatible 

75 vectors may employ the 2 micron origin of replication (Broach et al. (1983)), the combination of CEN3 and 
ARS1 or other means for assuring replication, such as sequences which will result in incorporation of an 
appropriate fragment into the host cell genome. Control sequences for yeast vectors are known in the art 
and include promoters for the synthesis of glycolytic enzymes (Hess et al. (1968); Holland et al. (1978)). 
including the promoter for 3 phosphoglycerate kinase (Hitzeman (1980)). Terminators may also be included, 

20 such as those derived from the enolase gene (Holland (1981)). Particularly useful control systems are those 
which comprise the glyceraldehyde-3 phosphate dehydrogenase (GAPDH) promoter or alcohol de- 
hydrogenase (ADH) regulatable promoter, terminators also derived from GAPDH, and if secretion is desired, 
leader sequence from yeast alpha factor. In addition, the transcriptional regulatory region and the transcrip- 
tional initiation region which are operably finked may be such that they are not naturally associated in the 

25 wild-type organism. These systems are described in detail in EPO 120,551, published October 3, 1984; 
EPO 116,201, published August 22, 1984; and EPO 164,556, published December 18, 1985, all of which are 
assigned to the herein assignee, and are hereby incorporated herein by reference. 

Mammalian cell lines available as hosts for expression are known in the art and include many 
immortalized cell fines available from the American Type Culture Collection (ATCC), including HeLa cells, 

30 Chinese hamster ovary (CHO) cells, baby hamster kidney (BHK) cells, and a number of other cell lines. 
Suitable promoters for mammalian cells are also known in the art and include viral promoters such as that 
from Simian Virus 40 (SV40) (Fiers (1978)), Rous sarcoma virus (RSV). adenovirus (ADV). and bovine 
papilloma virus (BPV). Mammalian cells may also require terminator sequences and poly A addition 
sequences; enhancer sequences which increase expression may also be included, and sequences which 

35 cause amplification of the gene may also be desirable. These sequences are known in the art Vectors 
suitable for replication in mammalian cells may include viral replicorts, or sequences which insure 
integration of the appropriate sequences encoding NANBV epitopes into the host genome. 



40 III.B. Transformations 



Transformation may be by any known method for introducing polynucleotides into a host cell, including, 
for example packaging the polynucleotide in a virus and transducing a host cell with the virus, and by direct 
uptake of the polynucleotide. The transformation procedure used depends upon the host to be transformed. 

45 For example, transformation of the E coll host cells with tambda-gt11 containing BB-NANBV sequences is 
discussed in the Example section, infra Bacterial transformation by direct uptake generally employs 
treatment with calcium or rubidium chloride (Cohen (1972); Maniatis (1982)). Yeast transformation by direct 
uptake may be carried out using the method of Hinnen et al. (1978). Mammalian transformations by direct 
uptake may be conducted using the calcium phosphate precipitation method of Graham and Van der Eb 

so (1978), or the various known modifications thereof. 



1II.C. Vector Construction 



55 Vector construction employs techniques which are known in the art. Site-specific DNA cleavage is 
performed by treating with suitable restriction enzymes under conditions which generally are specified by 
the manufacturer of these commercially available enzymes. In general, about 1 microgram of plasmid or 
DNA sequence is cleaved by 1 unit of enzyme in about 20 microliters buffer solution by incubation of 1-2 hr 
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at 37° C. After incubation with the restriction enzyme, protein is removed by phenol/chloroform extraction 
and the DNA recovered by precipitation with ethanol. The cleaved fragments may be separated using 
polyacrylamide or agarose gel electrophoresis techniques, according to the general procedures found in 
Methods in Enzymology (1980) 65:499-560. 

Sticky ended cleavage fragments may be blunt ended using E. coli DNA polymerase I (Klenow) in the 
presence of the appropriate deoxynucleotide triphosphates (dNTPs) present in the mixture. Treatment with 
S1 nuclease may also be used, resulting in the hydrolysis of any single stranded DNA portions. 

Ligations are carried out using standard buffer and temperature conditions using T4 DNA ligase and 
ATP; sticky end ligations require less ATP and less ligase than blunt end ligations. When vector fragments 
are used as part of a ligation mixture, the vector fragment is often treated with bacterial alkaline 
phosphatase (BAP) or calf intestinal alkaline phosphatase to remove the s'-phosphate and thus prevent 
religation of the vector; alternatively, restriction enzyme digestion of unwanted fragments can be used to 
prevent ligation. 

Ligation mixtures are transformed into suitable cloning hosts, such as EL coli, and successful transfor- 
mants selected by, for example, antibiotic resistance, and screened for the correct construction. 



lll.D. Construction of Desired DNA Sequences 

Synthetic oligonucleotides may be prepared using an automated oligonucleotide synthesizer as de- 
scribed by Warner (1984). If desired the synthetic strands may be labeled with by treatment with 
polynucleotide kinase in the presence of ^P-ATP, using standard conditions for the reaction. 

DNA sequences, including those isolated from cDNA libraries, may be modified by known techniques, 
including, for example site directed mutagenesis, as described by Zoller (1982). Briefly, the DNA to be 
modified is packaged into phage as a single stranded sequence, and converted to a double stranded DNA 
with DNA polymerase using, as a primer, a synthetic oligonucleotide complementary to the portion of the 
DNA to be modified, and having the desired modification included in its own sequence. The resulting 
double stranded DNA is transformed into a phage supporting host bacterium. Cultures of the transformed 
bacteria, which contain replications of each strand of the phage, are plated in agar to obtain plaques. 
Theoretically, 50% of the new plaques contain phage having the mutated sequence, and the remaining 50% 
have the original sequence. Replicates of the plaques are hybridized to labeled synthetic probe at 
temperatures and conditions which permit hybridization wfth the correct strand, but not with the unmodified 
sequence. The sequences which have been identified by hybridization are recovered and cloned. 



IH.E. Hybridization with Probe 

DNA libraries may be probed using the procedure of Grunstein and Hogness (1975). Briefly, in this 
procedure, the DNA to be probed is immobilized on nitrocellulose filters, denatured, and prehybridized with 
a buffer containing 0-50% formamide, 0.75 M NaCI, 75 mM Na citrate, 0.02% (wt/V) each of bovine serum 
albumin, polyvinyl pyrollidone, and Ficoll, 50 mM Na Phosphate (pH 6.5), 0.1% SDS, and 100 
microg rams/ml carrier denatured DNA. The percentage of formamide in the buffer, as well as the time and 
temperature conditions of the prehybridization and subsequent hybridization steps depends on the strin- 
gency required. Oligomeric probes which require lower stringency conditions are generally used with low 
percentages of formamide, lower temperatures, and longer hybridization times. Probes containing more than 
30 or 40 nucleotides such as those derived from cDNA or genomic sequences generally employ higher 
temperatures, e.g., about 40-42 *C, and a high percentage, e.g., 50%, formamide. Following prehybridiza- 
tion. s'-^P-labeled oligonucleotide probe is added to the buffer, and the filters are incubated in this mixture 
under hybridization conditions. After washing, the treated filters are subjected to autoradiography to show 
the location of the hybridized probe; DNA in corresponding locations on the original agar plates is used as 
the source of the desired DNA. 



IH.F. Verification of Construction and Sequencing 

For routine vector constructions, ligation_mixtures are transformed into E. coli strain HB101 or other 
suitable host and successful transformants selected by antibiotic resistance^olFother markers. Plasmids 
from the transformants are then prepared according to the method of Clewell et al. (1969), usually following 
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chloramphenicol amplification (Clewell (1972)). The DNA is isolated and analyzed, usually by restriction 
enzyme analysis and/or sequencing. Sequencing may be by the dideoxy method of Sanger et al. (1977) as 
further described by Messing et al. (1981), or by the method of Maxam et al. (1980). Problems with band 
compression, which are sometimes observed in GC rich regions, were overcome by use of T- 
s deazoguanosine according to Barr et al. (1986). 



III.G. Enzymes Linked Immunosorbent Assay 

to The enzyme-linked immunosorbent assay (EUSA) can be used to measure either antigen or antibody 
concentrations. This method depends upon conjugation of an enzyme to either an antigen or an antibody, 
and uses the bound enzyme activity as a quantitative label. To measure antibody, the known antigen Is 
fixed to a solid phase (e.g. t a microplate or plastic cup), incubated with test serum dilutions, washed, 
incubated with anti-immunoglobulin labeled with an enzyme, and washed again. Enzymes suitable for 

T5 labeling are known in the art, and include, for example, horseradish peroxidase. Enzyme activity bound to 
the solid phase is measured by adding the specific substrate, and determining product formation or 
substrate utilization colorimetricaily. The enzyme activity bound is a direct function of the amount of 
antibody bound. 

To measure antigen, a known specific antibody is fixed to the solid phase, the test material containing 
20 antigen is added, after an incubation the solid phase is washed, and a second enzyme-labeled antibody is 
added. After washing, substrate is added, and enzyme activity is estimated colorimetricaily, and related to 
antigen concentration. 



25 IV. Examples 

Described below are examples of the present invention which are provided only for illustrative purposes, 
and not to limit the scope of the present invention. In light of the present disclosure, numerous 
embodiments within the scope of the claims will be apparent to those of ordinary skill in the art The 
30 procedures set forth, for example, in Sections IV.A. may, if desired, be repeated but need not be, as 
techniques are available for construction of the desired nucleotide sequences based on the information 
provided by the invention. Expression is exemplified in E. coH; however, other systems are available as set 
forth more fully in Section HIA Additional epitopes derived from the genomic structure may also be 
produced, and used to generate antibodies as set forth below. 



IV.A. Preparation, Isolation and Sequencing of HCV cDNA 



40 >VA1. Preparation of HCV cDNA 

The source of NANB agent was a plasma pool derived from a chimpanzee with chronic NANBH. The 
chimpanzee had been experimentally infected with blood from another chimpanzee with chronic NANBH 
resulting from infection with HCV in a contaminated batch of factor 8 concentrate derived from pooled 

45 human sera. The chimpanzee plasma pool was made by combining many individual plasma samples 
containing high levels of alanine aminotransferase activity; this activity results from hepatic injury due to the 
HCV infection. Since 1 ml of a 10" 6 dilution of this pooled serum given i.v. caused NANBH in another 
chimpanzee, its CID was at least 10 6 /ml, i.e., it had a high infectious virus titer. 

A cDNA library from the high titer plasma pool was generated as follows. First, viral particles were 

so isolated from the plasma; a 90 ml aliquot was diluted with 310 ml of a solution containing 50 mM Tris-HCI, 
pH ao, 1mM EDTA, 100 mM NaCL Debris was removed by centrifugation for 20 min at 15,000 x g at 20* C. 
Viral particles in the resulting supernatant were then pelleted by centrifugation in a Beckman SW28 rotor at 
28,000 rpm for 5 hours at 20* C. To release the viral genome, the particles were disrupted by suspending 
the pellets in 15 mi solution containing 1% sodium dodecyl sulfate (SDS), 10 mM EDTA, 10 mM Tris-HCI, 

55 pH 7.5, also containing 2 mg/ml proteinase k, followed by incubation at 45* C for 90 min. Nudeic acids 
were isolated by adding 0.8 micrograms MS2 bacteriophage RNA as carrier, and extracting the mixture four 
times with a 1:1 mixture of phenolrchlorofonm (phenol saturated with 0.5M Tris-HCI, pH 7.5, 0.1% (v/v) beta- 
mercaptoethanol, 0.1% (w/v) hydroxyquinolone, followed by extraction two times with chloroform. The 
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aqueous phase was concentrated with 1-butanol prior to precipitation with 2.5 volumes absolute ethanoi 
overnight at -20* C. Nucleic acid was recovered by centrifugation in a Beckman SW41 rotor at 40,000 rpm 
for 90 min at 4* C, and dissolved in water that had been treated with 0.05% (v/v) diethylpyrocarbonate and 
autoclaved. 

s Nucleic acid obtained by the above procedure (<2 micrograms) was denatured with 17-5 mM 
CHaHgOH; cDNA was synthesized using this denatured nucleic acid as template, and was cloned into the 
EcoRI site of phage Iambda-gt11 using methods described by Huynh (1985), except that random primers 
replaced oligo(dT) 12-18 during the synthesis of the first cDNA strand by reverse transcriptase (Taylor et al. 
(1976)). The resulting double stranded cDNAs were fractionated according to size on a Sepharose CL-4B 

io column; elated material of approximate mean size 400, 300, 200, and 100 base-pairs were pooled into 
cDNA pools 1. 2, 3, and 4, respectively. The !ambda-gt11 cDNA library was generated from the cDNA in 
pool 3. 

The Iambda-gt11 cDNA library generated from pool 3 was screened for epitopes that could bind 
specifically with serum derived from a patient who had previously experienced NANBH. About 10 e phage 

75 were screened with patient sera using the methods of Huynh et ai. (1985). except that bound human 
antibody was detected with sheep anti-human Ig antisera that had been radio-labeled with 125 1. Five positive 
phages were identified and purified. The five positive phages were then tested for specificity of binding to 
sera from 8 different humans previously infected with the NANBH agent using the same method. Four of 
the phage encoded a polypeptide that reacted immunologically with only one human serum, i.e., the one 

20 that was used for primary screening of the phage library. The fifth phage (5-1-1) encoded a polypeptide that 
reacted immunologically with 5 of 8 of the sera tested. Moreover, this polypeptide did not react im- 
munologically with sera from 7 normal blood donors. Therefore, it appears that clone 5-1-1 encodes a 
polypeptide which is specifically recognized immunologically by sera from NANB patients. 

25 

WA2. Sequences of the HCV cDNA in Recombinant Phage 5-1-1, and of the Polypeptide Encoded Within 
the Sequence. 

The cDNA in recombinant phage 5-1-1 was sequenced by the method of Sanger et al. (1977). 
30 Essentially, the cDNA was excised with EcoRI, isolated by size fractionation using gel electrophoresis. The 
EcoRI restriction fragments were subcloned into the M13 vectors, mp18 and mp19 (Messing (1983)) and 
sequenced using the dideoxychain termination method of Sanger et al. (1977). The sequence obtained is 
shown in Fig. 1. 

The polypeptide encoded in Fig. 1 that is encoded in the HCV cDNA is in the same translational frame 
35 as the N-terminai beta-galactosidase moiety to which it is fused. As shown in Section NA. t the translational 
open reading frame (ORF) of 5-1-1 encodes epitope(s) specifically recognized by sera from patients and 
chimpanzees with NANBH infections. 



40 IV.A.3. Isolation of Overlapping HCV cDNA to cDNA in Clone 5-1-1. 

Overlapping HCV cDNA to the cDNA in clone 5-1-1 was obtained by screening the same Iambda-gt11 
library, created as described in Section IVAL, with a synthetic polynucleotide derived from the sequence of 
the HCV cDNA in clones 5-1-1, as shown in Rg. 1. The sequence of the polynucleotide used for screening 
45 was: 

5-TCC CTT GCT CGA TGT ACG GTA AGT GCT GAG AGC ACT CTT CCA TCT CAT CGA ACT CTC GGT 
AGA GGA CTT CCC TGT CAG GT-3. 

so The Iambda-gt11 library was screened with this probe, using the method described in Huynh (1985). 
Approximately 1 in 50,000 clones hybridized with the probe. Three clones which contained cDNAs which 
hybridized with the synthetic probe have been numbered 81, 1*2, and 91. 



55 1VA4. Nucleotide Sequences of Overlapping HCV cDNAs to cDNA i n Clone 5-1-1. 

The nucleotide sequences of the three cDNAs in clones 81 , 1-2, and 91 were determined essentially as 
in Section IV A2. The sequences of these clones relative to the HCV cDNA sequence in phage 5-1-1 is 
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shown in Fig. 2, which shows the strand encoding the detected HCV epitope, and where the homologies in 
the nucleotide sequences are indicated by vertical lines between the sequences. 

The sequences of the cloned HCV cDNAs are highly homologous in the overlapping regions (see Fig. 
2). However, there are differences in two regions. Nucleotide 67 in clone 1-2 is a thymidine, whereas the 
s other three clones contain a cytidine residue in this position, ft should be noted, however, that the same 
amino acid is encoded when either C or T occupies this position. 

The second difference is that clone 5-1-1 contains 28 base pairs which are not present in the other 
three clones. These base pairs occur at the start of the cDNA sequence in 5-1-1, and are indicated by small 
letters. Based on radioimmunoassay data, which is discussed infra in Section IV.D., it is possible that an 
w HCV epitope may be encoded in this 28 bp region. 

The absence of the 28 base pairs of 5-1-1 from clones 81, 1-2, and 91 may mean that the cDNA in 
these clones were derived from defective HCV genomes; alternatively, the 28 bp region could be a terminal 
artifact in clone 5-1-1. 

The sequences of small letters in the nucleotide sequence of clones 81 and 91 simply indicate that 
is these sequences have not been found in other cDNAs because cDNAs overlapping these regions were not 
yet isolated. 

A composite HCV cDNA sequence derived from overlapping cDNAs in clones 5-1-1, 81, 1-2 and 91 is 
shown in Fig. 3. However, in this figure the unique 28 base pairs of clone 5-1-1 are omitted. The figure also 
shows the sequence of the polypeptide encoded within the ORF of the composite HCV cDNA. 

so 

IV A5. Isolation of Overlapping HCV cDNAs to cDNA in Clone 81. 

The isolation of HCV cDNA sequences upstream of, and which overlap those in clone 81 cDNA was 
25 accomplished as follows. The Iambda-gt11 cDNA library prepared as described in Section IVA1. was 
screened by hybridization with a synthetic polynucleotide probe which was homologous to a 5'terminal 
sequence of clone 81. The sequence of clone 81 is presented in Rg. 4. The sequence of the synthetic 
polynucleotide used for screening was: 

30 5 # CTG TCA QQT ATG ATT GCC GGC TTC CCG GAC 3'. ■ 

The methods were essentially as described in Huynh (1985), except that the library filters "were given two 
washes under stringent conditions. i.e., the washes were in 5 x SSC, 0.1% SDS at 55 *C for 30 minutes 
each. Approximately 1 in 50,000 clones hybridized with the probe. A positive recombinant phage which 
35 contained cDNA which hybridized with the sequence was isolated and purified. This phage has been 
numbered clone 36. 

Downstream cDNA sequences, which overlaps the carboxyl-end sequences in clone 81 cDNA were 
isolated using a procedure similar to that for the isolation of upstream cDNA sequences, except that a 
synthetic oligonucleotide probe was prepared which is homologous to a 3' terminal sequence of clone 81 . 
40 The sequence of the synthetic polynucleotide used for screening was: 

5 TTT GGC TAG TGG TTA GTG GGC TGG TGA CAG 3' 

A positive recombinant phage, which contained cDNA which hybridized with this latter sequence was 
45 isolated and purified, and has been numbered clone 32. 



IV A6. Nucleotide Sequence of HCV cDNA in Clone 36. 

so The nucleotide sequence of the cDNA in clone 36 was determined essentially as described in Section 

IVA.2. The double-stranded sequence of this cDNA, its region of overlap with the HCV cDNA in clone 81, 

and the polypeptide encoded by the ORF are shown in Rg. 5. 

The ORF in done 36 is in the same translational frame as the HCV antigen encoded in clone 81. Thus, 

in combination, the ORFs in clones 36 and 81 encode a polypeptide that represents part of a large HCV 
55 antigen. The sequence of this putative HCV polypeptide and the double stranded DNA sequence encoding 

it, which is derived from the combined ORFs of the HCV cDNAs of clones 36 and 81, is shown in Rg. 6. 
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IVA7 Nucleotide Sequences of HCV cDNA in Clone 32 

The nucleotide sequence of the cDNA in clone 32 was determined essentially as was that described in 
Section IV A2 for the sequence of clone 5-1-1. The sequence data indicated that the cDNA in clone 32 

5 recombinant phage was derived from two different sources. One fragment of the cDNA was comprised of 
418 nucleotides derived from the HCV genome; the other fragment was comprised of 172 nucleotides 
derived from the bacteriophage MS2 genome, which had been used as a carrier during the preparation of 
the lambda gt1 1 plasma cDNA library. 

The sequence of the cDNA in clone 32 corresponding to that of the HCV genome is shown in Fig. 7. 

io The region of the sequences that overlaps that of clone 81, and the polypeptide encoded by the ORF are 
also indicated in the figure. This sequence contains one 'continuous ORF that is in the same translationa! 
frame as the HCV antigen encoded by clone 81 . 



75 IVA8 Isolation of Overlapping HCV cDNA to cDNA in Clone 36 

The isolation of HCV cDNA sequences upstream of, and which overlap those in clone 36 cDNA was 
accomplished as described in Section IV.A.5, for those which overlap clone 81 cDNA, except that the 
synthetic polynucleotide was based on the 5'-region of clone 36. The sequence of the synthetic poly- 
20 nucleotide used for screening was: 

5' AAG CCA CCG TGT GCG CTA GGG CTC AAG CCC 3' 

Approximately 1 in 50,000 clones hybridized with the probe. The isolated, purified clone of recombinant 
25 phage which contained cDNA which hybridized to this sequence was named clone 35. 



IVA.9 Nucleotide Sequence of HCV cDNA in Clone 35 

30 The nucleotide sequence of the cDNA in clone 35 was determined essentially as described in Section 

IVA2. The sequence, its region of overlap with that of the cDNA in clone 36, and the putative polypeptide 

encoded therein, are shown in Fig. 8. 

Clone 35 apparently contains a single, continuous ORF that encodes a polypeptide in the same 

translationa! frame as that encoded by clone 36, clone 81, and clone 32. Fig. 9 shows the sequence of the 
as long continuous ORF that extends through clones 35, 36, 81, and 32, along with the putative HCV 

polypeptide encoded therein. This combined sequence has been confirmed using other independent cDNA 

clones derived from the same lambda gt1 1 cDNA library. 



40 1VA10. Isolation of Overlapping HCV cDNA to cDNA In Clone 35 

The isolation of HCV cDNA sequences upstream of, and which overlap those in clone 35 cDNA was 
accomplished as described in Section IV.A8, for those which overlap clone 36 cDNA, except that the 
synthetic polynucleotide was based on the s'-region of clone 35. The sequence of the synthetic pofy- 
45 nucleotide used for screening was: 

5' CAG GAT GCT GTC TCC CGC ACT CAA CGT 3 

Approximately 1 in 50,000 clones hybridized with the probe. The isolated, purified clone of recombinant 
50 phage which contained cDNA which hybridized to this sequence was named clone 37b. 



IVA11. Nucleotide Sequence of HCV in Clone 37b 

55 The nucleotide sequence of the cDNA in clone 37b was determined essentially as described in Section 
IV A2. The sequence, Its region of overlap with that of the cDNA in clone 35, and the putative polypeptide 
encoded therein, are shown in Fig. 10. 

The 5 -terminal nucleotide of clone 35 is a T, whereas the corresponding nucleotide in clone 37b is an 
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A. The cDNAs from three other independent clones which were isolated during the procedure in which 
clone 37b was isolated, described in Section (VA10, have also been sequenced. The cDNAs from these 
clones also contain an A in this position. Thus, the 5 -terminal T in clone 35 may be an artefact of the 
cloning procedure. It is known that artefacts often arise at the 5-termini of cDNA molecules. 
5 Clone 37b apparently contains one continuous ORF which encodes a polypeptide which is a continu- 
ation of the polypeptide encoded in the ORF which extends through the overlapping clones 35,-36, 81 and 
32. 



70 IVA12 Isolation of Overlapping HCV cDNA to cDNA in Clone 32 

The isolation of HCV cDNA sequences downstream of clone 32 was accomplished as follows. First 
clone cla was isolated utilizing a synthetic hybridization probe which was based on the nucleotide sequence 
of the HCV cDNA sequence in clone 32. The method was essentially that described in Section IVA5, 
75 except that the sequence of the synthetic probe was: . 
5 AGT GCA GTG GAT GAA CCG GCT GAT AGC CTT 3*. 



Utilizing the nucleotide sequence from clone cla, another synthetic nucleotide was synthesized which 
20 had the sequence: 

5 TCC TGA GGC GAG TGC ACC AGT GGA TAA GCT 3. 

Screening of the lambda gt1 1 library using the clone cla derived sequence as probe yielded approximately 
25 1 in 50,000 positive colonies. An isolated, purified clone which hybridized with this probe 'was named clone 
33b. 



IVA13 Nucleotide Sequence of HCV cDNA in Clone 33b 

30 

The nucleotide sequence of the cDNA in clone 33b was determined essentially as described in Section 
IV A2. The sequence, its region of overlap with that of the cDNA in clone 32, and the putative polypeptide 
encoded therein, are shown in Fig. 11. 

Clone 33b apparently contains one continuous ORF which is an extension of the ORFs in overlapping 
35 clones 37b, 35, 36, 81 and 32. The polypeptide encoded in done 33b is in the same translational frame as 
that encoded in the extended ORF of these overlapping clones. 



IV AU Isolation of Overlapping HCV cDNAs to cDNA Clone 37b and to cDNA in Clone 33b 

40 

In order to isolate HCV cDNAs which overlap the cDNAs in clone 37b and in clone 33b, the following 
synthetic oligonucleotide probes, which were derived from the cDNAs in those clones, were used to screen 
the lambda gt1 1 library, using essentially the method described in Section IV A3. The probes used were: 

45 5 CAG GAT GCT GTC TCC CGC ACT CAA CGT C 3' 
and 

5' TCC TGA GGC GAC TGC ACC AGT GGA TAA GCT 3 

to detect colonies containing HCV cDNA sequences which overlap those in clones 37b and 33b, 
so respectively. Approximately 1 in 50,000 colonies were detected with each probe. A clone which contained 
cDNA which was upstream of, and which overlapped the cDNA in clone 37b, was named clone 40b. A clone 
which contained cONA which was downstream of, and which overlapped the cDNA in clone 33b was named 
clone 25c. 

55 

IVA15 Nucleotide Sequences of HCV cDNA in clone 40b and in clone 25c 

The nucleotide sequences of the cDNAs in clone 40b and in clone 25c were determined essentially as 
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described in Section IV A2. The sequences of 40b and 25c. their regions of overlap with the cDNAs in 
clones 37b and 33b, and the putative polypeptides encoded therein, are shown in Fig. 12 (clone 40b) and 
Fig. 13 (done 25c). 

The s'-terminal nucleotide of clone 40b is a G. However, the cDNAs from five other independent clones 
s which were isolated during the procedure in which clone 40b was Isolated, described in Section IVA14, 
have also been sequenced. The cDNAs from these clones also contain a T in-this position. Thus, the G may 
represent a cloning artifact (see the discussion in Section IVA11). 

The 5 -terminus of clone 25c is ACT, but the sequence of this region in clone cla (sequence not 
shown), and in clone 33b is TCA. This difference may also represent a cloning artifact, as may the 28 extra 
w 5 -terminal nucleotides in clone 5-1-1. 

Clones 40b and 25c each apparently contain an ORF which is an extension of the continuous ORF in 
the previously sequenced clones. The nucleotide sequence of the ORF extending through clones 40b, 37b. 
35. 36. 81. 32. 33b. and 25c, and the amino acid sequence of the putative polypeptide encoded therein, are 
shown in Fig. 14. In the figure, thepotential artifacts have been omitted from the sequence, and instead, the 
75 corresponding sequences in non-5 -terminal regions of multiple overlapping clones are shown. - 



IVA16. Preparation of a Composite HCV cDNA from the cDNAs in Clones 36, 81 , and 32 

20 The composite HCV cDNA, C100, was constructed as follows. First the cDNAs from the clones 36, 81, 
and 32 were excised with EcoRI. The EcoRI fragment of cDNA from each clone was cloned individually into 
the EcoRI site of the vector pGEM3-blue (Promega Biotec). The resulting recombinant vectors which 
contained the cDNAs from clones 36, 81. and 32 were named pGEM3-blue/36. pGEM3-blue/81 , and 
pGEM3-btue/32, respectively. The appropriately oriented recombinant of pGEM3-blue/81 was digested with 

25 Nael and Narl, and the large (~2850bp) fragment was purified and ligafed with the- small (-570bp) Nael/Nari 
purified restriction fragment from pGEM3-b!ue/36. This composite of the cDNAs from clones 36 and 81 was 
used to generate another pGEM3-blue vector containing the continuous HCV ORF contained within the 
overlapping cDNA within these clones. This new plasmid was then digested with Pvull and EcoRI to release 
a fragment of approximately 680bp, which was then ligated with the small (580bp) Pvull/EcoRI fragment 

so isolated from the appropriately oriented pGEM3-blue/32 plasmid, and the composite cDNA from clones 36, 
81, and 32 was ligated into the EcoRI linearized vector pSODcfl. which is described in Section IV.B.1, and 
which was used to express clone 5-1-1 in bacteria. Recombinants containing the -1270bp EcoRI fragment of 
composite HCV cDNA (C100) were selected, and the cDNA from the plasmids was excised with EcoRI and 
purified. 

35 

IVA17. Isolation and Nucleotide Sequences of HCV cDNAs in Clones t4l, 11b, 7f, 7e, 8h. 33c, 14c, 8f, 33f, 
33g. and 39c 

40 The HCV cDNAs in clones 14i a lib. 7f, 7e. 8h, 33c. 14c, 8f, 33f. 33g. and 39c were isolated by the 
technique of isolating overlapping cDNA fragments from the lambda gt11 library of HCV cDNAs described 
in Section IVA1.. The technique used was essentially as described in Section IV A3., except that the 
probes used were designed from the nucleotide sequence of the last isolated clones from the 5 and the 3' 
end of the combined HCV sequences. The frequency of clones which hybridized with the probes described 

45 below was approximately 1 in 50,000 in each case. 

The nucleotide sequences of the HCV cDNAs in clones 14i, 7f, 7e, 8h, 33c, 14c, 8f, 33f. 33g, and 39c 
were determined essentially as described in Section IV A2.. except that the cDNA excised from these 
phages were substituted for the cDNA isolated from clone 5-1-1. 

Clone 33c was isolated using a hybridization probe based on the sequence of nucleotides in clone 40b. 

so The nucleotide sequence of clone 40b is presented in Fig. 12. The nucleotide sequence of the probe used 
to isolate 33c was: 

5' ATC AGG ACC GGG GTG AGA ACA ATT ACC ACT 3 

55 The sequence of the HCV cDMA in clone 33c, and the overlap with that in clone 40b, is shown in Fig. 15. 
which also shows the amino acids encoded therein. 

Clone 8h was isolated using a probe based on the sequence of nucleotides in clone 33c. The 
nucleotide sequence of the probe was 
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5' AGA GAC AAC CAT GAG GTC CCC GGT GTT-C 3. 

The sequence of the HCV cDNA in clone 8h, and the overlap with that in clone 33c, and the amino acids 
5 encoded therein, are shown in Rg. 16. 

Clone 7e was isolated using a probe based on the sequence of nucleotides in clone 8h. The nucleotide 
sequence of the probe was 

5' TCG GAC CTT TAC CTG GTC ACG AGG CAC 3'. 

70 

The sequence of HCV cDNA in clone 7e t the overlap with clone 8h, and the amino acids encoded therein, 
are shown in Rg. 17. 

Clone 14c was isolated with a probe based on the sequence of nucleotides in clone 25c. The sequence 
of clone 25c is shown in Rg. 13. The probe in the isolation of clone 14c had the sequence 

T5 

5' ACC TTC CCC ATT AAT GCC TAC ACC ACG GGC 3'. 

The sequence of HCV cDNA in clone 14c, its overlap with that in clone 25c, and the amino acids encoded 
therein are shown in Rg. 18. 
so Clone 8f was isolated using a probe based on the sequence of nucleotides in clone 14c. The nucleotide 
sequence of the probe was 

5' TCC ATC TCT CAA GGC AAC TTG CaC CGC TAA 3'. 

25 The sequence of HCV cDNA in clone 8f, its overlap with that in clone 14c, and the amino acids encoded 
therein are shown in Rg. 19. 

Clone 33f was isolated using a probe based on the nucleotide sequence present in clone 8f. The 
nucleotide sequence of the probe was 

30 5 TCC ATG GCT GTC CGC TTC CAC CTC CAA AGT 3'. 

The sequence of HCV cDNA in clone 33f. its overlap with that in clone 8f, and the amino acids encoded 
therein are shown in Rg. 20. 

Clone 33g was isolated using a probe based on the sequence of nucleotides in clone 33f. The 
35 nucleotide sequence of the probe was 

5 GCG ACA ATA CGA CAA CAT CCT CTG AGC CCG 3'. 

The sequence of HCV cDNA in clone 33g, its overlap with that in clone 33f , and the amino acids encoded 
40 therein are shown in Rg. 21. 

Clone 7f was isolated using a probe based on the sequence of nucleotides in clone 7e. The nucleotide 
sequence of the probe was 

5 AGC AGA CAA GGG GCC TCC TAG GGT GCA TAA T 3. 

45 

The sequence of HCV cDNA in clone 7f, its overlap with clone 7e, and the amino acids encoded therein are 
shown in Rg. 22. 

Clone 11b was isolated using a probe based on the sequence of clone 71 The nucleotide sequence of 
the probe was 

50 

5' CAC CTA TGT TTA TAA CCA TCT CAC TCC TCT 3. 

The sequence of HCV cDNA in clone 11b, its overlap with clone 7f, and the amino acids encoded therein 
are shown in Rg. 23. 

55 Clone 141 was isolated using a probe based on the sequence of nucleotides in clone 11b. The 
nucleotide sequence of the probe was 

5' CTC TGT CAC CAT ATT ACA AGC GCT ATA TCA 3'. 
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The sequence of HCV cDNA in clone 14i, its overlap with 11b, and the amino acids encoded therein are 
shown in Fig. 24. 

Clone 39c was isolated using a probe based on the sequence of nucleotides in clone 33g. The 
5 nucleotide sequence of the probe was 

5 CTC GTT GCT ACG TCA CCA CAA TTT GGT GTA 3' 

The sequence of HCV cDNA in clone 39c. its overlap with clone 33g, and the amino acids encoded therein 
w are shown in Fig. 25. 



IV.A.18. The Composite HCV cDNA Sequence Derived from Isolated Clones Containing HCV cDNA 

75 The HCV cDNA sequences in the isolated clones described supra have been aligned to create a 
composite HCV cDNA sequence. The isolated clones, aligned in the € to 3' direction are: 14i, 7f, 7e. 8h, 
33c. 40b. 37b, 35, 36. 81, 32, 33b. 25c, 14c, 8f, 33f, 33g, and 39c. 

A composite HCV cDNA sequence derived from the isolated clones, and the amino acids encoded 
therein, is shown in Rg. 26. 

zo In creating the composite sequence the following sequence, heterogeneities have been considered. 
Clone 33c contains an HCV cDNA of 800 base pairs, which overlaps the cDNAs in clones 40b and 37c. In 
clone 33c, as well as in 5 other overlapping clones, nucleotide #789 is a G. However, in clone 37b (see 
Section IV.A.11), the corresponding nucleotide is an A. This sequence difference creates an apparent 
heterogeneity in the amino acids encoded therein, which would be either CYS or TYR, for G or A. 

25 respectively. This heterogeneity may have important ramifications in terms of protein folding. 

Nucleotide residue #2 in done 8h HCV cDNA is a T. However, as shown infra, the corresponding 
residue in clone 7e is an A; moreover, an A in this position is also found in 3 other isolated overlapping 
clones. Thus, the T residue in clone 8h may represent a cloning artifact Therefore, in Rg. 26, the residue in 
this position is designated as an A. 

30 The 3'-terminal nucleotide in clone 8f HCV cDNA is a G. However, the corresponding residue in clone 
33f. and in 2 other overlapping clones is a T. Therefore, in Rg. 26, the residue in this position is designated 
as aT. 

The 3'-terminal sequence in clone 33f HCV cDNA is TTGC. However, the corresponding sequence in 
clone 33g and in 2 other overlapping clones is ATTC. Therefore, in Rg. 26. the corresponding region is 
35 represented as ATTC. 

Nucleotide residue #4 in clone 33g HCV cDNA is a T. However, in clone 33f and in 2 other overlapping 
clones the corresponding residue is an A. Therefore, in Rg. 26, the corresponding residue is designated as 
an A. 

The 3 -terminus of clone 14i is an AA, whereas the corresponding dinucleotide in clone 11b, and in 
40 three other clones, is TA. Therefore, in Rg. 26, the TA residue is depicted. 
The resolution of other sequence heterogeneities is discussed supra. 

An examination of the composite HCV cDNA indicates that it contains one large ORF. This suggests 
that the viral genome is translated into a large polypeptide which is processed concomitant with, or 
subsequent to translation. 

45 

IVA19. Isolation and Nucleotide Sequences of HCV cDNAs in Clones 12f, 35f, 19g, 26g, and 15e 

The HCV cDNAs in clones 12f, 35f. 19g, 26g, and 15e were isolated essentially by the technique 
so described in Section IV.A.17, except that the probes were as indicated below. The frequency of clones 
which hybridized with the probes was approximately 1 in 50,000 in each case. The nucleotide sequences of 
the HCV cDNAs in these clones were determined essentially as described in Section IV A2., except that the 
cDNA from the indicated clones were substituted for the cDNA isolated from clone 5-1-1 . 

The isolation of done 12f, which contains cDNA upstream of the HCV cDNA in Rg. 26, was 
55 accomplished using a hybridization probe based on the sequence of nucleotides in clone 14i. The 
nucleotide sequence of the probe was 

5' TGC TTG TGG ATG ATG CTA CTC ATA TCC CAA 3. 
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The HCV cDNA sequence of clone 12f, its overlap with clone 14i, and the amino acids encoded therein are 
shown in Fig. 27. 

The isolation of clone 35f, which contains cDNA downstream of the HCV. cDNA in Fig. 26. was 
5 accomplished using a hybridization probe based on the sequence of nucleotides in clone 39c. The 
nucleotide sequence of the probe was 

5' AGC AQC GGC GTC AAA AGT GAA GGC TAA CTT 3. 

io The sequence of clone 35f, its overlap with the sequence in clone 39c f and the amino acids encoded 
therein are shown in Fig. 28. 

The isolation of clone 19g was accomplished using a hybridization probe based on the 3 sequence of 
clone 35f. The nucleotide sequence of the probe was 

75 5' TTC TCG TAT GAT ACC CGC TGC TTT GAC TCC 3'. 

The HCV cDNA sequence of clone 19g, its overlap with the sequence in clone 35f, and the amino acids 
encoded therein are shown in Fig. 29. 

The isolation of clone 26g was accomplished using a hybridization probe based on the 3 sequence of 
20 clone 19g. The nucleotide sequence of the probe was 

5 TGT GTG GCG ACG ACT TAG TCG TTA TCT GTG 3'. 



The HCV cDNA sequence of clone 26g, its overlap with the sequence in clone 19g, and the amino 
25 acids encoded therein are shown in Fig. 30. 

Clone 15e was isolated using a hybridization probe based on the 3' sequence of clone 26 g. The 
nucleotide sequence of the probe was 

5' CAC ACT CCA GTC AAT TCC TGG CTA GGC AAC 3. 

30 

The HCV cDNA sequence of clone 15e, its overlap with the sequence in clone 26g, and the amino acids 
encoded therein are shown in Fig. 31 . 

The clones described in this Section have been deposited with the ATCC under the terms and 
conditions described in Section H.A., and have been assigned the following Accession Numbers. 

35 



Iambda-gt1 1 


ATCC 
No. 


Deposit Date 


clone 12f 


40514 


10 November 1988 


clone 35f 


40511 


10 November 1988 


clone 15e 


40513 


10 November 1988 


clone k9-1 


40512 


10 November 1988 



The HCV cDNA sequences in the isolated clones described supra have been aligned to create a 
composite HCV cDNA sequence. The isolated clones, aligned in the S to 3' direction are: 12f, 14i f 7f, 7e, 
8h, 33c, 40b, 37b. 35. 36. 81. 32, 33b, 25c, 14c, 8f 33f. 33g, 39c, 35f. 19g, 26g. and 15e. 

A composite HCV cDNA sequence derived from the isolated clones, and the amino acids encoded 
therein, is shown in Fig. 32. 



IV.A^0. Alternative Method of Isolating cDNA Sequences Upstream of the HCV cDNA Sequence in Clone 
12f 

Based on the most 5' HCV sequence in Fig. 32, which is derived from the HCV cDNA in clone 12f, 
small synthetic oligonucleotide primers of reverse transcriptase are synthesized and used to bind to the 
corresponding sequence in HCV genomic RNA, to prime reverse transcription of the upstream sequences. 
The primer sequences are proximal to the known s'-terminal sequence of clone 12f, but sufficiently 
downstream to allow the design of probe sequences upstream of the primer sequences. Known standard 



35 



EP 0 318 216 A1 



methods of priming and cloning are used. The resulting cDNA libraries are screened with sequences 
upstream of the priming sites (as deduced from the elucidated sequence in clone 12f). The HCV genomic 
RNA is obtained from either plasma or liver samples from chimpanzees with NANBH, or from analogous 
samples from humans with NANBH. 

5 

IV^21. Alternative Method Utilizing Tailing to Isolate Sequences from the s'-Terminal Region of the HCV 
Genome 

io In order to isolate the extreme s'-terminal sequences of the HCV RNA genome, the cDNA product of 
the first round of reverse transcription, which is duplexed with the template RNA, is tailed with oligo C. This 
is accomplished by incubating the product with terminal transferase in the presence cf CTP. The second 
round of cDNA synthesis, which yields the complement of the first strand of cDNA, is accomplished utilizing 
oligo G as a primer for the reverse transcriptase reaction. The sources of genomic HCV RNA are as 

75 described in Section IVA20. The methods for tailing with terminal transferase, and for the reverse 
transcriptase reactions are as in Maniatis et al. (1982). The cDNA products are then cloned, screened, and 
sequenced. 



20 IV.A.22. Alternative Method Utilizing Tailing to Isolate Sequences from the 3'-Terminal Region of the HCV 
Genome 

This method is based on previously used methods for cloning cDNAs of Flavfvirus RNA. In this method, 
the RNA is subjected to denaturing conditions to remove secondary structures at the 3'-terminus, and is 
25 then tailed with Poly A polymerase using rATP as a substrate. Reverse transcription of the poly A tailed 
RNA is catalyzed by reverse transcriptase, utilizing oligo dT as a primer. The second strands of cDNA are 
synthesized, the cDNA products are cloned, screened, and sequenced. 



30 WAJ23 Creation of Lambda-gt11 HCV cDNA Libraries Containing Larger cDNA Inserts 

The method used to create and screen the Lambda gt11 libraries are essentially as described in 
Section IV.A.1., except that the library is generated from a pool of larger size cDNAs eluted from the 
Sepharose CL-4B column. 

35 

IVA24. Creation of HCV cDNA Libraries Using Synthetic Oligomers as Primers 

New HCV cDNA libraries have been prepared from the RNA derived from the infectious chimpanzee 
40 plasma pool described in Section IV.A.1., and from the poly A* RNA fraction derived from the liver of this 
infected animal. The cDNA was constructed essentially as described by Gubler and Hoffman (1983). except 
that the primers for the first cDNA strand synthesis were two synthetic oligomers based on the sequence of 
the HCV genome described supra Primers based on the sequence of cione 1 1 b and 7e were, respectively. 

45 5 CTG GCT TGA AGA ATC 3' 

and 

5' AGT TAG GCT GGT GAT TAT GC 3. 

so The resulting cDNAs were cloned into lambda bacteriophage vectors, and screened with various other 
synthetic oligomers, whose sequences were based on the HCV sequence in Fig. 32. 



IV B. Expression of Polypeptides Encoded Within HCV cDNAs and Identification of the Expressed Products 
55 £ HCV Educed Antigens. 

IV.B.1. Expression of the Polypeptide Encoded in Clone 5-1-1. 



36 



EP 0 318 216 A1 



The HCV polypeptide encoded within clone 5-1-1 (see Section IV.A2., supra) was expressed as a 
fusion polypeptide with superoxide dismutase (SOD). This was accomplished by subcloning the clone 5-1-1 
cDNA insert into the expression vector pSODcfl (Steimer et af. (1986)) as follows. 

First DNA isolated from pSODcfl was treated with BamHI and EcoRI, and the following linker was 
5 ligated into the linear DNA created by the restriction enzymes: 

5' GAT CCT GGA ATT CTG ATA A 3' 
3' GA CCT TAA GAC TAT TTT AA 5' 

10 

After cloning, the plasmid containing the insert was isolated. 

Plasmid containing the insert was restricted with EcoRI. The HCV cDNA insert in clone 5-1-1 was 
excised with EcoRI, and ligated into this EcoRI linearized plasmid DNA. The DNA mixture was used to 
75 transform E. coli strain D1210 (Sadler et al. (1980)). Recombinants with the 5-1-1 cDNA in the correct 
orientation for expression of the ORF shown in Fig. 1 were identified by restriction mapping and nucleotide 
sequencing. 

Recombinant bacteria from one clone were induced to express the SOD-NANBs-t-i polypeptide by 
growing the bacteria in the presence of IPTG. 



IV.B.2. Expression of the Polypeptide Encoded in Clone 81. 

The HCV cDNA contained within clone 81 was expressed as a SOD-NANBsi fusion polypeptide. The 
method for preparing the vector encoding this fusion polypeptide was analogous to that used for the 
creation of the vector encoding SOD-NANBs-1-1, except that the source of the HCV cDNA was clone 81, 
which was isolated as described in Section IV A3, and for which the cDNA sequence was determined as 
described in Section IV.A4. The nucleotide sequence of the HCV cDNA in clone 81, and the putative amino 
acid sequence of the polypeptide encoded therein are shown in Fig. 4. 

The HCV cDNA insert in clone 81 was excised with EcoRI, and ligated into the pSODcfl which 
contained the linker (see IV.B.1.) and which was linearized by treatment with EcoRI. The DNA mixture was 
used to transform E coli strain D1210. Recombinants with the clone 81 HCV cDNA in the correct orientation 
for expression of the ORF shown in Fig. 4 were identified by restriction mapping and nucleotide 
sequencing. 

Recombinant bacteria from one clone were induced to express the SOD-NANBsi polypeptide by 
growing the bacteria in the presence of IPTG. 
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IV.B.3. Identification of the Polypeptide Encoded Within Clone 5-1-1 as an HCV and NANBH Associated 
Antigen. 

The polypeptide encoded within the HCV cDNA of clone 5-1-1 was identified as a NANBH associated 
antigen by demonstrating that sera of chimpanzees and humans infected with NANBH reacted im- 
munologically with the fusion polypeptide, SOD-NANB5-1-1, which is comprised of superoxide dismutase 
at its N-terminus and the in-frame 5-1-1 antigen at its C-terminus, This was accomplished by "Western" 
blotting (Towbin et al. (1979)) as follows. 

A recombinant strain of bacteria transformed with an expression vector encoding the SOD-NAN B5 -1-1 
polypeptide, described in Section IV.B.L, was induced to express the fusion polypeptide by growth in the 
presence of IPTG. Total bacterial iysate was subjected to electrophoresis through polyacrylamide gels in 
the presence of SDS according to Laemmli (1970). The separated polypeptides were transferred onto 
nitrocellulose filters (Towbin et al. (1979). The filters were then cut into thin strips, and the strips were 
incubated individually with the different chimpanzee and human sera. Bound antibodies were detected by 
further incubation with 125 (-labeled sheep anti-human Ig, as described in Section IV A1. 

The characterization of the chimpanzee sera used for the Western blots and the results, shown in the 
photograph of the autoradiographed strips, are presented in Fig. 33. Nitrocellulose strips containing 
polypeptides were incubated with sera derived from chimpanzees at different times during acute NANBH 
(Hutchinson strain) infections (lanes 1-16), hepatitis A infections (lanes 17-24, and 26-33), and hepatitis B 
infections (lanes 34-44). Lanes 25 and 45 show positive controls in which the immunoblots were incubated 
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with serum from the patient used to identify the recombinant clone 5-1-1 in the original screening of the 

Iambda-gt11 cDNA library (see Section IV.A.1.). 

The band visible in the control lanes, 25 and 45, in Fig. 23 reflects the binding of antibodies to the 

NANB5-1-1 moiety of the SOD fusion polypeptide. These antibodies do not exhibit binding to SOD alone, 
5 since this has also been included as a negative control in these samples, and would have appeared as a 

band migrating significantly faster than the SOD-NANB5-1 -1 fusion polypeptide. 

Lanes 1-16 of Fig. 33 show the binding of antibodies in sera safnples of 4 chimpanzees; the sera were 

obtained just prior to infection with NANBH, and sequentially during acute infection. As seen from the figure, 

whereas antibodies which reacted immunologically with the SOD-NANBs-1-1 polypeptide were absent in 
10 sera samples obtained before administration of infectious HCV inoculum and during the early acute phase 

of infection, all 4 animals eventually induced circulating antibodies to this polypeptide during the late part of. 

or following the acute phase. Additional bands observed on the immunoblots in the cases of chimps 

numbers 3 and 4 were due to background binding to host bacte:5teins. 

In contrast to the results obtained with sera from chimps infected with NANBH, the development of 
75 antibodies to the NANB5-1 -1 moiety of the fusion polypeptide was not observed in 4 chimpanzees infected 

with HAV or 3 chimpanzees infected with HBV. The only binding in these cases was background binding to 

the host bacterial proteins, which also occurred in the HCV infected samples. 

The characterization of the human sera used for the Western blots, and the results, which are shown in 

the photograph of the autoradiographed strips, are presented in Rg. 34. Nitrocellulose strips containing 
20 polypeptides were incubated with sera derived from humans at different times during infections with 

NANBH (lanes 1-21), HAV (lanes 33-40), and HBV (lanes 41-49). Lanes 25 and 50 show positive controls in 

which the immunoblots were incubated with serum from patient used in the original screening of the 

Iambda-gt11 library, described supra. Lanes 22-24 and 26-32 show "non-infected" controls in which the 

sera was from "normal" blood donors. 
25 As seen in Fig. 34, sera from nine NANBH patients, including the serum used for screening the lambda- 

gtll library, contained antibodies to the NANB5-1-1 moiety of the fusion polypeptide. Sera from three 

patients with NANBH did not contain these antibodies. It is possible that the anti-NANBs-i-i antibodies will 

develop at a future date in these patients. It is also possible that this lack of reaction resulted from a 

different NANBV agent being causative of the disease in the individuals from which the non-responding 
30 serum was taken. 

Rg. 34 also shows that sera from many patients infected with HAV and HBV did not contain anti- 
NANB5-1 -1 antibodies, and that these antibodies were also not present in the sera from "normal" controls. 
Although one HAV patient (lane 36) appears to contain anti-NANBs-1-1 antibodies, it is possible that this 
patient had been previously infected with HCV, since the incidence of NANBH is very high and since it is 
35 often subclinical. 

These serological studies indicate that the cDNA in clone 5-1-1 encodes epitopes which are recognized 
specifically by sera from patients and animals infected with BB-NANBV. In addition, the cDNA does not 
appear to be derived from the primate genome. A hybridization probe made from clone 5-1-1 or from clone 
81 did not hybridize to "Southern" blots of control human and chimpanzee genomic DNA from uninfected 
40 individuals under conditions where unique, single-copy genes are detectable. These probes also did not 
hybridize to Southern blots of control bovine genomic DNA. 



IV.B.4. Expression of the Polypeptide Encoded in a Composite of the HCV cDNAs in Clones 36, 81 and 32 

45 " 

The HCV polypeptide which is encoded in the ORF which extends through clones 36, 81 and 32 was 
expressed as a fusion polypeptide with SOD. This was accomplished by inserting the composite cDNA, 
C100. into an expression cassette which contains the human superoxide dismutase gene, inserting the 
expression cassette into a yeast expression vector, and expressing the polypeptide in yeast 

so An expression cassette containing the composite C100 cDNA derived from clones 36, 81, and 32, was 
constructed by inserting the -1270bp EcoRI fragment into the EcoRI site of the vector pS3-56 (also called 
pS356). yielding the plasmid pS3-56cioo- The construction of C1 00 is described in Section IV At 6, supra. 

The vector pS3-56, which is a pBR322 derivative, contains an expression cassette which is comprised 
of the ADH2/GAPDH hybrid yeast promoter upstream of the human superoxide dismutase gene, and a 

55 downstream GAPDH transcription terminator. A similar cassette, which contains these control elements and 
the superoxide dismutase gene has been described in Cousens et al. (1987), and in copending application 
EPO 196.056, published October 1, 1986, which is commonly owned by the herein assignee. The cassette 
in pS3-56, however, differs from that in Cousens et al. (1987) in that the heterologous proinsulin gene and 
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the immunoglobulin hinge are deleted, and in that the glnis* of the superoxide dismutase is followed by an 
adaptor sequence which contains an EcoRI site. The sequence of the adaptor is: 

5 '-AAT TTG GGA ATT CCA TAA TGA G -3' 

AC CCT TAA GGT ATT ACT CAG CT 

The EcoRI site allows the insertion of heterologous sequences which, when expressed from a vector 
containing the cassette, yield polypeptides which are fused to superoxide dismutase via an oligopeptide 
linker containing the amino acid sequence: 
-asn-leu-gly-ile-arg-. 



A sample of pS356 has been deposited on 29 April 1988 under the terms of the Budapest Treaty with 
the American Type Culture Collection (ATCC). 12301 Parklawn Dr., Rockville, Maryland 20853, and has 
been assigned Accession No. 67683. The terms and conditions for availability and access to the deposit 
and for maintenance of the deposit are the same as those specified in Section II A., for strains containing 
NANBV-cDNAs. This deposit is intended for convenience only, and is not required to practice the present 
invention in view of the description here. The deposited material is hereby incorporated herein by reference. 

After recombinants containing the C100 cDNA insert in the correct orientation were isolated, the 
expression cassette containing the C100 cDNA was excised from pS3-56cioo with BamHI, and a fragment of 
-3400bp which contains the cassette was isolated and purified. This fragment was then inserted into the 
BamHI site of the yeast vector pAB24. 

Plasmid pAB24, the significant features of which are shown in Fig. 35, is a yeast shuttle vector which 
contains the complete 2 micron sequence for replication [Broach [1981)] and pBR322 sequences, tt also 
contains the yeast URA3 gene derived from plasmid YEp24 [Botstein et a). 1979)], and the yeast LEU 2d 
gene derived from plasmid pC1/1. EPO Pub. No. 116.201. Plasmid pAB24 was constructed by digesting 
YEp24 with EcoRI and religating the vector to remove the partial 2 micron sequences. The resulting plasmid 
YEP24deltaRI, was linearized by digestion with Clal and ligated with the complete 2 micron plasmid which 
had been linearized with Clal. The resulting plasmid, pCBou, was then digested with Xbal and the 8605 bp 
vector fragment was get isolated. This isolated Xbal fragment was ligated with a 4460 bp Xbal fragment 
containing the LEU 2 ** gene isolated from pCI/1; the orientation of LEU 2d the gene is in the same direction as 
the URA3 gene. Insertion of the expression was in the unique BamHI site of the pBR322 sequence, thus 
interrupting the gene for bacterial resistance to tetracycline. 

The recombinant plasmid which contained the SOD-C100 expression cassette, pAB24C100-3, was 
transformed into yeast strain JSC 308. as well as into other yeast strains. The celts were transformed as 
described by Hinnen et al. (1978), and plated onto ura-selective plates. Single colonies were inoculated into 
leu-selective media and grown to saturation. The culture was induced to express the SOD-C100 polypeptide 
(called C100-3) by growth in YEP containing 1% glucose. 

Strain JSC 308 is of the genotype MAT @, !eu2, ura3(del) DM15 (GAP/ADR1) integrated at the ADR1 
locus. In JSC 308, over-expression of the positive activator gene product, ADR1, results in hyperderepres- 
sion (relative to an ADR1 wild type control) and significantly higher yields of expressed heterologous 
proteins when such proteins are synthesized via an ADH2 UAS regulatory system. The construction of the 
yeast strain JSC 308 is disclosed in copending application, U.S. Serial No. (Attorney Docket No. 2300- 
0229), filed concurrently herewith, and which is hereby incorporated herein by reference. A sample of JSC 
308 has been deposited on 5 May 1988 with the ATCC under the conditions of the Budapest Treaty, and 
has been assigned Accession No. 20879. The terms and conditions for availability and access to the 
deposit, and for maintenance of the deposit are the same as those specified in Section H.A., for strains 
containing HCV cDNAs. 

The complete C100-3 fusion polypeptide encoded in pAB24ClOO-3 should contain 154 amino acids of 
human SOD at the amino-terminus, 5 amino acid residues derived from the synthetic adaptor containing the 
EcoRI site, 363 amino acid residues derived from C100 cDNA, and 5 carboxy-terminal amino acids derived 
from the MS2 nucleotide sequence adjoining the HCV cDNA sequence in clone 32. (See Section IVA.7.) 
The putative amino acid sequence of the carboxy-terminus of this polypeptide, beginning at the penultimate 
Ala residue of SOD, is shown in Fig. 36; also shown is the nucleotide sequence encoding this portion of the 
polypeptide. 
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IV.B.5. Identification of the Polypeptide Encoded within C100 as an NANBH Associated Antigen 

The C 100-3 fusion polypeptide expressed from plasmid pAB24C100-3 in yeast strain JSC 308 was 
characterized with respect to size, and the polypeptide encoded within C100 was identified as an NANBH- 

5 associated antigen by its immunological reactivity with serum from a human with chronic NANBH. 

The C100-3 polypeptide, which was expressed as described in Section IV.B.4., was analyzed as follows. 
Yeast JSC 308 cells were transformed with pAB24, or with pAB24C100-3. and were induced to express the 
heterologous plasmid encoded polypeptide. The induced yeast cells in 1 ml of culture (OD 650 n m -20) were 
pelleted by centrifugation at 10,000 rpm for 1 minute, and were lysed by vortexing them vigorously (10x1 

to min) with 2 volumes of solution and 1 volume of glass beads (0.2 millimicron diameter). The solution 
contained 50 mM Tris-HCl, pH 8.0, 1 mM EDTA, 1mM phenylmethylsulphonyl fluoride (PMSF), and 1 
microgram/ml pepstatin. Insoluble material in the lysate, which includes the C100-3 polypeptide, was 
collected by centrifugation (10,000 rpm for 5 minutes), and was dissolved by boiling for 5 minutes in 
Laemmli SDS sample buffer. [See Laemmli (1970)]. An amount of polypeptides equivalent to that in 0.3 ml 

75 of the induced yeast culture was subjected to electrophoresis through 10% polyacrylamide gels in the 
presence of SDS according to Laemmli (1970). Protein standards were co-electrophoresed on the gels. Gels 
containing the expressed polypeptides were either stained with Coomassie brilliant blue, or were subjected 
to "Western" blotting as described in Section IV.B^., using serum from a patient with chronic NANBH to 
determine the immunological reactivity of the polypeptides expressed from pAB24 and from pAB24C100-3. 

20 The results are shown in Rg. 37. In Fig. 37A the polypeptides were stained with Coomassie brilliant 
blue. The insoluble polypeptide(s) from JSC 308 transformed with pAB24 and from two different colonies of 
JSC transformed with pAB24C100-3 are shown in lane 1 (pAB24), and lanes 2 and 3, respectively. A 
comparison of lanes 2 and 3 with lane 1 shows the induced expression of a polypeptide corresponding to a 
molecular weight of -54,000 dattons from JSC 308 transformed with pAB24C100-3, which is not induced in 

25 JSC 308 transformed with pAB24. This polypeptide is indicated by the arrow. 

Rg. 37B shows the results of the Western blots of the insoluble polypeptides expressed in JSC 308 
transformed with pAB24 (lane 1), or with pAB24C100-3 (lane 2). The polypeptides expressed from pAB24 
were not immunologically reactive with "serum from a human with NANBH. However, as indicated by the 
arrow, JSC 308 transformed with pAB24C100-3 expressed a polypeptide of -54,000 dalton molecular 

30 weight which did react immunologically with the human NANBH serum. The other immunologically reactive 
polypeptides in lane 2 may be degradation and/or aggregation products of this -54,000 dalton polypeptide. 



IV.B.6. Purification of Fusion Polypeptide C100-3 

35 

The fusion polypeptide, C100-3, comprised of SOD at the N-terminus and in-frame C100 HCV- 
polypeptide at the C-terminus was purified by differential extraction of the Insoluble fraction of the extracted 
host yeast cells in which the polypeptide was expressed. 

The fusion polypeptide, C100-3, was expressed in yeast strain JSC 308 transformed with pAB24Cl00-3, 
40 as described in Section IV.B.4. The yeast cells were then lysed by homogenization. the insoluble material in 
the lysate was extracted at pH 12.0, and C 100-3 in the remaining insoluble fraction was solubillzed in buffer 
containing SDS, 

The yeast lysate was prepared essentially according to Nagahuma et al. (1984). A yeast cell suspension 
was prepared which was 33% cells (v/v) suspended in a solution (Buffer A) containing 20 mM Tris HCI, pH 

45 8.0. 1 mM dithiothreitol, and 1 mM phenylmethylsutfonylfluoride (PMSF). An aliquot of the suspension (15 
ml) was mixed with an equal volume of glass beads (0.45-0.50 mm diameter), and the mixture was vortexed 
at top speed on a Super Mixer (Lab Line Instruments, Inc.) for 8 min. The homogenate and glass beads 
were separated, and the glass beads were washed 3 times with the same volume of Buffer A as the original 
packed cells. After combining the washes and homogenate, the insoluble material in the lysate was 

so obtained by centrifuging the homogenate at 7,000 x g for 15 minutes at 4*C, resuspending the pellets in 
Buffer A equal to twice the volume of original packed cells, and re-pelleting the material by centrifugation at 
7,000 x g for 15 min. This washing procedure was repeated 3 times. 

The insoluble material from the lysate was extracted at pH 12.0 as follows. The pellet was suspended in 
buffer containing 0.5 M NaCI, 1 mM EDTA, where the suspending volume was equal to 1.8 times the of the 

55 original packed cells. The pH of the suspension was adjusted by adding 0.2 volumes of 0.4 M Na 
phosphate buffer, pH 12.0. After mixing, the suspension was centrifuged at 7,000 x g for 15 min at 4* C, 
and the super natant removed. The extraction was repeated 2 times. The extracted pellets were washed by 
suspending them in 0.5 M NaCI. 1 mM EDTA. using a suspension volume equal to two volumes of the 
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original packed cells, followed by centrifugation at 7,000 x g for 15 min at 4* C. 

The C100-3 polypeptide in the extracted pellet was solubilized by treatment with SDS. The pellets were 
suspended in Buffer A equal to 0.9 volumes of the original packed cell volume, and 0.1 volumes of 2% SDS 
was added. After the suspension was mixed, it was centrifuged at 7,000 x g for 15 min at 4*C. The 
resulting pellet was extracted 3 more times with SDS. The resulting supematants, which contained C100-3 
were pooled. 

This procedure purifies C100-3 more than 10-fold from the insoluble fraction of the yeast homogenate. 
and the recovery of the. polypeptide is greater than 50%., 

The purified preparation of fusion polypeptide was analyzed by polyacrylamide gel electrophoresis 
according to Laemmli (1970). Based upon this analysis, the polypeptide was greater than 80% pure, and 
had an apparent molecular weight of -54,000 daltons. 



IV.C. Identification of RNA in Infected Individuals Which Hybridizes to HCVcDNA. 



IV.C.1. Identification of RNA in the Liver of a Chimpanzee With NANBH Which Hybridizes to HCV cDNA. 



RNA from the liver of a chimpanzee which had NANBH was shown to contain a species of RNA which 
hybridized to the HCV cDNA contained within clone 81 by Northern blotting, as follows. 

RNA was isolated from a liver biopsy of the chimpanzee from which the high titer plasma was derived 
(see Section IVA1.) using techniques described in Maniatis et al. (1982) for the isolation of total RNA from 
mammalian cells, and for its separation into poly A* and poly A" fractions. These RNA fractions were 
subjected to electrophoresis on a formaldehyde/agarose gel (1% w/v), and transferred to nitrocellulose. 
(Maniatis et al. (1982)). The nitrocellulose filters were hybridized with radiolabeled HCV cDNA from clone 81 
(see Fig. 4 for the nucleotide sequence of the insert) To prepare the radiolabeled probe, the HCV cDNA 
insert isolated from clone 81 was radiolabeled with by nick translation using DNA Polymerase I 
(Maniatis et al. (1982)). Hybridization was for 18 hours at 42* C in a solution containing 10% (w/v) Dextran 
sulphate, 50% (w/v) deionized formamide, 750 mM NaCI, 75 mM Na citrate, 20 mM Na2HPCU, pH 6.5, 
0.1% SDS. 0.02% (w/v) bovine serum albumin (BSA), 0.02% (w/v) Ficoll-400, 0.02% (w/v) polyvinylpyr- 
rolidone, 100 microgram s/ml salmon sperm DNA which had been sheared by sonication and denatured, and 
10 6 CPM/ml of the nick-translated cDNA probe. 

An autoradiograph of the probed filter is shown in Rg. 38. Lane 1 contains ^P-labeled restriction 
fragment markers. Lanes 2-4 contain chimpanzee liver RNA as follows: lane 2 contains 30 micrograms of 
totai RNA; lane 3 contains 30 micrograms of poly A- RNA; and lane 4 contains 20 micrograms of poly A + 
RNA. As shown in Rg. 38. the liver of the chimpanzee with NANBH contains a heterogeneous population of 
related poly A+ RNA molecules which hybridizes to the HCV cDNA probe, and which appears to be from 
about 5000 nucleotides to about 11,000 nucleotides in size. This RNA, which hybridizes to the HCV cDNA, 
could represent viral genomes and/or specific transcripts of the viral genome. 

The experiment described in Section IV.C.2., infra, is consistent with the suggestion that HCV contains 
an RNA genome. 



IV.C.2. Identification of HCV Derived RNA in Serum from Infected Individuals. 

Nucleic acids were extracted from particles isolated from high titer chimpanzee NANBH plasma as 
described in Section IVA1.. Aliquots (equivalent to 1 ml of original plasma) of the isolated nucleic acids 
were resuspended in 20 microliters 50 mM Hopes, pH 7.5, 1 mm EDTA and 16 micrograms/ml yeast 
soluble RNA. The samples were denatured by boiling for 5 minutes followed by immediate freezing, and 
were treated with RNase A (5 microliters containing 0.1 mg/ml RNase A in 25 mM EDTA, 40 mM Hepes, pH 
7.5) or with DNase I (5 microliters containing 1 unit DNase I in 10 mM MgCfe. 25 mM Hepes, pH 7.5); 
control samples were Incubated without enzyme. Following incubation, 230 microliters of ice-cold 2XSSC 
containing 2 micrograms/ml yeast soluble RNA was added, and the samples were filtered on a nitrocel- 
lulose filter. The filters were hybridized with a cDNA probe from clone 81, which had been ^P-labeled by 
nick-translation. Rg. 39 shows an autoradiograph of the filter. Hybridization signals were detected in the 
DNase treated and control samples (lanes 2 and 1, respectively), but were not detected in the RNase 
treated sample (lane 3). Thus, since RNase A treatment destroyed the nucleic acids isolated from the 
particles, and DNase I treatment had no effect, the evidence strongly suggests that the HCV genome is 
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composed of RNA. 



IV.C.3. Detection of Amplified HCV Nucleic Acid Sequences derived from HCV Nucleic Acid Sequences in 
Liver and Plasma Specimens fronTChimpanzees with NANBH 

HCV nucleic acids present in liver and plasma of chimpanzees with NANBH, and in control chim- 
panzees, were amplified using essentially the polymerase chain reaction (PCR) technique described by 
Saiki et al. (1986). The primer oligonucleotides were derived from the HCV cDNA sequences in clone 81. or 
clones 36 and 37. The amplified sequences were detected by gel electrophoresis and Southern blotting, 
using as probes the appropriate cDNA oligomer with a sequence from the region between, but not 
including, the two primers. 

Samples of RNA containing HCV sequences to be examined by the amplification system were isolated 
from liver biopsies of three chimpanzees with NANBH, and from two control chimpanzees. The isolation of 
the RNA fraction was by the guanidinium thiocyanate procedure described in Section IV.C.1. 

Samples of RNA which were to be examined by the amplification system were also isolated from the 
plasmas of two chimpanzees with NANBH, and from one control chimpanzee, as well as from a pool of 
plasmas from control chimpanzees. One infected chimpanzee had a CID/ml equal to or greater than 10 s , 
and the other infected chimpanzee had a CID/ml equal to or greater than 10 5 . 

The nucleic acids were extracted from the plasma as follows. Ether 0.1 ml or 0.01 ml of plasma was 
diluted to a final volume of 1.0 ml, with a TENB/proteinase K/SDS solution (0.05 M Tris-HCL. pH 8.0, 0.001 
M EDTA, 0.1 M NaCl, 1 mg/ml Proteinase K. and 0.5% SDS) containing 10 micrograms/ml polyadenylic 
add. and incubated at 37* C for 60 minutes. After this proteinase K digestion, the resultant plasma fractions 
were deproteinized by extraction with TE (10.0 mM Tris-HCI, pH 8.0. 1 mM EDTA) saturated phenol. The 
phenol phase was separated by centrifugation, and was reextracted with TENB containing 0.1% SDS. The 
resulting aqueous phases from each extraction were pooled, and extracted twice with an equal volume of 
phenol/chloroform/isoamyl alcohol [1:1(99:2)], and then twice with an equal volume of a 99:1 mixture of 
chloroforrn/isoamyl alcohol. Following phase separation by centrifugation, the aqueous phase was brought 
to a final concentration of 0.2 M Na Acetate, and the nucleic acids were precipitated by the addition of two 
volumes of ethanol. The precipitated nucleic acids were recovered by ultracentrifugation in a SW 41 rotor at 
38 K, for 60 minutes at 4* C. 

In addition to the above, the high titer chimpanzee plasma and the pooled control plasma alternatively 
were extracted with 50 micrograms of poly A carrier by the procedure of Chomcyzski and Sacchi (1987). 
This procedure uses an acid guanidinium thiocyanate extraction. RNA was recovered by centrifugation at 
10.000 RPM for 10 minutes at 4* C in an Eppendorf microfuge. 

On two occasions, prior to the synthesis of cDNA in the PCR reaction, the nucleic acids extracted from 
plasma by the proteinase K/SDS/phenol method were further purified by binding to and elution from S and 
S Butip-R Columns. The procedure followed was according to the manufacturer's directions. 

The cDNA used as a template for the PCR reaction was derived from the nucleic acids (either total 
nucleic acids or RNA) prepared as described above. Following ethanol precipitation, the precipitated nucleic 
acids were dried, and resuspended in DEPC treated distilled water. Secondary structures in the nucleic 
acids were disrupted by heating at 65* C for 10 minutes, and the samples were immediately cooled on ice. 
cDNA was synthesized using 1 to 3 micrograms of total chimpanzee RNA from liver, or from nucleic acids 
(or RNA) extracted from 10 to 100 microliters of plasma The synthesis utilized reverse transcriptase, and 
was in a 25 microliter reaction, using the protocol specified by the manufacturer, BRL The primers for 
cDNA synthesis were those also utilized in the PCR reaction, described below. All reaction mixtures for 
cDNA synthesis contained 23 units of the RNAase inhibitor, RNASINTM (Fisher/Promega). Following cDNA 
synthesis, the reaction mixtures were diluted with water, boiled for 10 minutes, and quickly chilled on ice. 

The PCR reactions were performed essentially according to the manufacturer's directions (Cetus- 
Perkin-Elmer). except for the addition of 1 microgram of RNase A. The reactions were carried out in a final 
volume of 100 microliters. The PCR was performed for 35 cycles, utilizing a regimen of 37* C, 72* C, and 
94* C. 

The primers for cDNA synthesis and for the PCR reactions were derived from the HCV cDNA 
sequences in either clone 81, done 36, or clone 37b. (The HCV cDNA sequences of clones 81, 36. and 37b 
are shown in Rgs. 4, 5, and 10, respectively.) The sequences of the two 16-mer primers derived from clone 
81 were: 

5 CAA TCA TAC CTG ACA G 3' 
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and 

5' GAT AAC CTC TGC CTG A 3'. 

The sequence of the primer from clone 36 was: 

5 

5 GCA TGT CAT GAT GTA T 3'. 

The sequence of the primer from clone 37b was: 

10 5 ACA ATA CGT GTG TCA C 3 # . 

In the PCR reactions, the primer pairs consisted of either the two 16-mers derived from clone 81, or the 16- 
mer from clone 36 and the 16-mer from clone 37b. 

The PCR reaction products were analyzed by separation of the products by alkaline gel electrophoresis, 

75 followed by Southern blotting, and detection of the amplified HCV-cDNA sequences with a ^P-Iabeled 
internal oligonucleotide probe derived from a region of the HCV cDNA which does not overlap the primers. 
The PCR reaction mixtures were extracted with phenol/chloroform, and the nucleic acids precipitated from 
the aqueous phase with salt and ethanol. The precipitated nucleic acids were collected by centrifugation, 
and dissolved in distilled water. Aliquots of the samples were subjected to electrophoresis on 1.8% alkaline 

so agarose gels. Single stranded DNA of 60, 108, and 161 nucleotide lengths were co-electrophoresed on the 
gels as molecular weight markers. After electrophoresis, the DNAs in the gel were transferred onto Biorad 
Zeta ProbeTM paper. Prehybridization and hybridization, and wash conditions were those specified by the 
manufacturer (Biorad). 

The probes used for the hybridization-detection of amplified. HCV cDNA sequences were the following. 

25 When the pair of PCR primers were derived from clone 81, the probe was an 108-mer with a sequence 
corresponding to that which is located in the region between the sequences of the two primers. When the 
pair of PCR primers were derived from clones 36 and 37b, the probe was the nick-translated HCV cDNA 
insert derived from clone 35. The primers are derived from nucleotides 155-170 of the clone 37b insert, and 
206-268 of the clone 36 insert. The 3-end of the HCV cDNA insert in clone 35 overlaps nucleotides 1-186 

30 of the insert in clone 36; and the 5 -end of clone 35 insert overlaps nucleotides 207-269 of the insert in 
clone 37b. (Compare Figs. 5, 8 and 10.) Thus, the cDNA insert in clone 35 spans part of the region between 
the sequences of the clone 36 and 37b derived primers, and is useful as a probe for the amplified 
sequences which include these primers. 

Analysis of the RNA from the liver specimens was according to the above procedure utilizing both sets 

35 of primers and probes. The RNA from the liver of the three chimpanzees with NANBH yielded positive 
hybridization results for amplification sequences of the expected size (161 and 586 nucleotides for 81 and 
36 and 37b, respectively), while the control chimpanzees yielded negative hybridization results. The same 
results were achieved when the experiment was repeated three times. 

Analysis of the nucleic acids and RNA from plasma was also according to the above procedure utilizing 

40 the primers and probe from clone 81 . The plasmas were from two chimpanzees with NANBH, from a control 
chimpanzee, and pooled plasmas from control chimpanzees. Both of the NANBH plasmas contained nucleic 
acids/RNA which yielded positive results in the PCR amplified assay, while both of the control plasmas 
yielded negative results. These results have been repeatably obtained several times. 

45 

IV.D. Radioimmunoassay for Detecting HCV Antibodies in Serum from Infected Individuals 

Solid phase radioimmunoassays to detect antibodies to HCV antigens were developed based upon Tsu 
and Herzenberg (1980). Microtiter plates (Immulon 2, Removawell strips) are coated with purified polypep- 

50 tides containing HCV epitopes. The coated plates are incubated with either human serum samples 
suspected of containing antibodies to the HCV epitopes, or to appropriate controls. During incubation, 
antibody, if present, is immunologically bound to the solid phase antigen. After removal of the unbound 
material and washing of the microtiter plates, complexes of human antibody-NANBV antigen are detected 
by incubation with 125 Habeled sheep anti-human immunoglobulin. Unbound labeled antibody is removed by 

55 aspiration, and the plates are washed. The radioactivity in individual wells is determined; the amount of 
bound human anti-HCV antibody is proportional to the radioactivity in the well. 
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IV.D.1. Purification of Fusion Polypeptide SOD-NANBs-1-1 

The fusion polypeptide SOD-NANBs-i-i, expressed in recombinant bacteria as described in Section 
IV.B.1.. was purified from the recombinant E. colt by differential extraction of the cell extracts with urea, 

5 followed by chromatography on anion and cation exchange columns as follows. 

Thawed cells from 1 liter of culture were resuspended in 10 ml of 20% (w/v) sucrose containing 0.01 M 
Tris HCI. pH 8.0, and 0.4 ml of 0.5M EDTA, pH 8.0 was added. After 5 minutes at 0*C, the mixture was 
centrifuged at 4,000 x g for 10 minutes. The resulting pellet was suspended in 10 ml of 25% (w/v) sucrose 
containing 0.05 M Tris HCI, pH 8.0, 1 mM phenylmethylsulfonytfluoride (PMSF) and 1 microgram/ml 

70 pepstatin A, followed by addition of 0.5 ml lysozyme (10 mg/mf) and incubation at 0° C for 10 minutes. After 
the addition of 10 ml 1% (v/v) Triton X-100 in 0.05 M Tris HCI, pH 8.0, 1 mM EDTA, the mixture was 
incubated an additional 10 min at 0*C with occasional shaking. The resulting viscous solution was 
homogenized by passage 6 times through a sterile 20-gauge hypodermic needle, and centrifuged at 13,000 
x g for 25 minutes. The pelleted material was suspended in 5 ml of 0.01 M Tris HCI pH 8.0, and the 

15 suspension centrifuged at 4,000 x g for 10 minutes. The pellet which contained SOD-NAN B5-1-1 fusion 
protein, was dissolved in 5 ml of 6 M urea in 0.02 M Tris HCI, pH 8.0, 1 mM dith'tothreitol (Buffer A), and 
was applied to a column of Q-Sepharose Fast Row equilibrated with Buffer A. Polypeptides were eluted 
with a linear gradient of 0.0 to 0.3 M NaCI in Buffer A. After elution, fractions were analyzed by 
polyacrylamide gel electrophoresis in the presence of SDS to determine their content of SOD-NANB5-1-1. 

20 Fractions containing this polypeptide were pooled, and dialyzed against 6 M urea in 0.02 M sodium 
phosphate buffer, pH 6.0, 1 mM dithiothreitol (Buffer B). The dialyzed sample was applied on a column of 
S-Sepharose Fast Row equilibrated with Buffer B, and polypeptides eluted with a linear gradient of 0.0 to 
0.3 M NaCI in Buffer B. The fractions were analyzed by polyacrylamide gel electrophoresis for the presence 
of SOD-NANB5-1 -1 , and the appropriate fractions were pooled. 

25 The final preparation of SOD-NANB5-1-1 polypeptide was examined by electrophoresis on 
polyacrylamide gels in the presence of SDS. Based upon this analysis, the preparation was more than 80% 
pure. 

30 IV.D.2. Purification of Fusion Polypeptide SOD-NANBsi. 

The fusion polypeptide SOD-NANBsi expressed in recombinant bacteria as described in Section 
IV.B.2*, was purified from recombinant E coti by differential extraction of the cell extracts with urea, followed 
by chromatography on anion and cation exchange columns utilizing the procedure described for the 
35 isolation of fusion polypeptide SOD-NANB5-1-1 (See Section IV.D.1.). 

The final preparation of SOD-NANBsi polypeptide was examined by electrophoresis on polyacrylamide 
gels in the presence of SDS. Based upon this analysis, the preparation was more than 50% pure. 



40 IV.D.3. Detection of Antibodies to HCV Epitopes by Solid Phase Radioimmunoassay. 

Serum samples from 32 patients who were diagnosed as having NANBH were analyzed by radioim- 
munoassay (RIA) to determine whether antibodies to HCV epitopes present in fusion polypeptides SOD- 
NANB5-1-1 and SOD-NANBsi were detected. 

45 Microtiter plates were coated with SOD-NANB5-1-1 or SOD-NANB 8 i, which had been partially purified 
according to Sections IV.D.1 . and IV.D.2., respectively. The assays were conducted as follows. 

One hundred microliter aliquots containing 0.1 to 0.5 micrograms of SOD-NANB5-1-1 or SOD-NANBsi 
in 0.125 M Na borate buffer, pH 8.3, 0.075 M NaCI (BBS) was added to each well of a microtiter plate 
(Dynatech Immulon 2 Removawell Strips). The plate was incubated at 4*C overnight in a humid chamber, 

so after which, the protein solution was removed and the wells washed 3 times with BBS containing 0.02% 
Triton X-100 (BBST). To prevent non-specific binding, the wells were coated with bovine serum albumin 
(BSA) by addition of 100 microliters of a 5 mg/mf solution of BSA in BBS followed by incubation at room 
temperature for 1 hour, after this incubation the BSA solution was removed. The polypeptides in the coated 
wells were reacted with serum by adding 100 microliters of serum samples diluted 1:100 in 0.01 M Na 

55 phosphate buffer, pH 7.2, 0.15 M NaCI (PBS) containing 10 mg/ml BSA, and incubating the serum 
containing wells for 1 hr at 37* C. After incubation, the serum samples were removed by aspiration, and the 
wells were washed 5 times with BBST. Anti-NANB 5 -i-i and Anti-NANBsi bound to the fusion polypeptides 
was determined by the binding of 125 Habeled F (abfe sheep anti-human IgG to the coated wells. Aiiquots of 
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100 microliters of the labeled probe Jspecrfic activity 5-20 microcuries/microgram) were added to each well, 
and the plates were incubated at 37* C for 1 hour, followed by removal of excess probe by aspiration, and 5 
washes with BBST. The amount of radioactivity bound in each well was determined by counting in a 
counter which detects gamma radiation. 

The results of the detection of anti-NANBs-i-i and anti-NANB 8 i in individuals with NANBH is 
presented in Table 1. 



Table 1 

Detection of Anti-S-1-1 and Anti-Bl in Sera of 
NANB, HAV and HBV Hepatitis Patients 

Patient 

Reference S/N 



Number 


Diagnosis 


Anti-5-l-I 


Anti 


-61 


I. 


28 l 


thranie NJUIB tVO^ 


n 77 


A 

H 








Chronic NANB, XVO 


1. 14 


5 


. 14 






Chronic NANB, IVO 


2.11 


4 


.05 


2. 


29 1 


AVH^ , NANB, Sporadic 


1. 09 


1 


OS 






Chronic, NANB 


33.69 


11 


.39 






Chronic, NANB 


36.22 


13 


.67 


3. 


30 1 


AVH, NANB, IVD 


1.90 


1 


. 54 






Chronic NANB, IVO 


34.17 


30 


.28 






Chronic NANB, IVO 


32.45 


30 


.84 


4 . 


31 


Chronic NANB, PT 4 


16.09 


8 


.05 


5. 


32 l 


LAti AVH NANB TVH 


n co 


0 








Late AVH NANB, IVO 


0.73 


0 


.68 


6 . 


33 1 


AVH, NANB, IVD 


1.66 


1 


.96 






AVH, NANB, IVO 


I. S3 


0 


.56 


7 . 


34 1 


Chronic NANB, PT 


34.40 


7 


.SS 






Chronic NANB, PT 


45. SS 


13 


. 11 






Chronic NANB, PT 


41.58 


13 


.45 






Chronic NANB, PT 


44.20 


IS 


.48 


8. 


35 1 


AVH NANB, IVD 


31.92 


31 


.95 






"Healed" recent 


6.87 


4 


45 






NANB, AVH 






9. 


36 


Late AVH NANB PT 


11.84 


S 


.79 


.0. 


37 


AVH NANB, IVD 


6.52 


1 


.33 


1. 


38 


Late AVH NANB, PT 


39.44 


39 


.18 


2. 


39 


Chronic NANB, PT 


42.22 


37 


.54 


3. 


40 


AVH, NANB, PT 


1.35 


1 


.17 



14. 41 Chronic HAW? PT 0.35 0.28 
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Patient 

Reference S/N 



Number 


Diaonosis 


Anti-5-1-1 


Anti-81 


15. 


42 


AVH, NANB, IVO 


6.25 


2.34 


16. 


43 


cn conic NANB , PT 


0 . 74 


0.61 


17. 


44 


& t m u & un Mr 

AVH , NANB , PT 


5.40 


1.83 


10. 


4S 


Chronic, NANB, PT 


0.52 


0.32 


19. 


46 


AVH, NANB 


23.35 


4.45 


20. 


47 


AVH, Type A 


1.60 


1.35 


21. 


48 


avh. Type A 


1.30 


0.66 


22 . 


49 


AVH, Type A 


1.44 


0.74 


23. 


SO 


Resolved Recent avh. 
Type A 


0.48 


0.S6 


24. 


SI 


AVH Tvm A 

Resolved avh. Type A 


A Aft 

0.80 


n 

0.65 


25 . 


52 

• 


Resolved Recent AVH, 

Type A 
Resolved Recent AVH, 

Type A 


1.38 
0.80 


1.04 

0.65 


26. 


53 


avh , Type a 
Resolved Recent AVH, 

«■» A * 

Type A 


1 . S3 

1.02 


1 . 16 
0.88 


27 . 


54 


avh. Type A 


1.35 


0.74 


20. 


SS 


Late AVH, HBV 


0.S8 


O.SS 


29. 


56 


Chronic HBV 


0.84 


1.06 


30. 


57 


Late AVH, HBV 


3.20 


1.60 


31. 


58 


Chronic HBV 


0.47 


0.46 


32. 


S9 l 


AVH, HBV 
Healed AVH, HBV 


0.73 
0.43 


0.60 
0.44 


33. 


60 1 


AVH, HBV 
Healed AVH, HBV 


1.06 
0.75 


0.92 
0.68 
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Patient 
Reference 
Number * 


Diaanosis 




S/H 
Anti-5-1-1 


Anti-81 


5 


34 . 


6l J 


AVH, HBV 
Healed AVH, 


HBV 


1.66 
0.63 


0.61 
0.36 




15. 


62 1 


AVH, HBV 
Healed avh. 


HBV 


1.02 
0.41 


0.73 
0.42 


10 


»f». 


63 l 


AVH, HBV 
Healed AVH. 


HBV 


1.24 
1.55 


1.31 
0.45 




17 . 


64 1 


AVH, HBV 

Healed AVH, 


HBV 


0-82 
0.53 


0.79 
0.37 


15 


.18. 


65 l 


AVH, HBV 
Healed AVH, 


HBV 


0.95 
0.70 


0.92 
0.50 




J9. 


66 l 


AVH, HBV 
Healed AVH, 


HBV 


1*03 
i.7i 


0.68 
1.39 



Sequential serum samples available from these patients 
^tvo-lntravenus Drug User 
3 AVH«Acute viral hepatitis 
*PT«Post transfusion 



As seen in Table 1 ( 19 of 32 sera from patients diagnosed as having NANBH were positive with respect 
to antibodies directed against HCV epitopes present in SOD-NANB5-1 -1 and SOD-NANB 8 i . 

However, the serum samples which were positive were not equally immunologically reactive with SOD- 

30 NANBs-1-1 and SOD-NANBsi. Serum samples from patient No. 1 were positive to SOD-NANBsi but not to 
SOD-NAN B5 -1-1. Serum samples from patients number 10, 15, and 17 were positive to SOD-NANB5-1 -1 
but not to SOD-NANBsi. Serum samples from patients No. 3, 8. 11, and 12 reacted equally with both fusion 
polypeptides, whereas serum samples from patients No. 2, 4, 7, and 9 were 2-3 fold higher in the reaction 
to SOD-NANB5-1-1 than to SOD-NANBsi. These results suggest that NANBs-1-1 and NANBsi may 

35 contain at least 3 different epitopes; i.e., it is possible that each polypeptide contains at least 1 unique 
epitope, and that the two polypeptides share at least 1 epitope. 



IV.D.4. Specificity of the Solid Phase RIA for NANBH 

40 

The specificity of the solid phase RIAs for NANBH was tested by using the assay on serum from 
patients infected with HAV or with HBV and on sera from control individuals. The assays utilizing partially 
purified SOD-NANB5-1-1 and SOD-NANBsi were conducted essentially as described in Section IV.D.3. 
except that the sera was from patients previously diagnosed as having HAV or HBV, or from individuals who 

45 were blood bank donors. The results for sera from HAV and HBV infected patients are presented in table 1 . 
The RIA was tested using 11 serum specimens from HAV infected patients, and 20 serum specimens from 
HBV infected patients. As shown in table 1, none of these sera yielded a positive immunological reaction 
with the fusion polypeptides containing BB-NANBV epitopes. 

The RIA using the NANB5-1-1 antigen was used to determine immunological reactivity of serum from 

50 control individuals. Out of 230 serum samples obtained from the normal blood donor population, only 2 
yielded positive reactions in the RIA (data not shown). It is possible that the two blood donors from whom 
these serum samples originated had previously been exposed to HCV. 



55 IV.D.5. Reactivity of NANB5-1 -1 During the Course of NANBH Infection. 

The presence of anti-NANB 5 -i-i antibodies during the course of NANBH infection of 2 patients and 4 
chimpanzees was followed using RIA as described in Section IV.D.3. In addition the RIA was used to 
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determine the presence or absence of anti-NANBs-t-i antibodies during the course of infection of HAV 
and HBV in infected chimpanzees. 

The results, which are presented in Table 2, show that with chimpanzees and with humans, anti- 
NANBs-i-i antibodies were detected following the onset of the acute phase of NANBH infection. Arrti- 
NANBs-i-i antibodies were not detected in serum samples from chimpanzees infected with either HAV or 
HBV. Thus anti-NANBs-i -i antibodies serve as a marker for an individual's exposure to HCV. 



10 



Table 2 

Seroconversion in Sequential Serum Simples from 
Hepatitis Patients end Chimpentees Using 5-1-1 Antigen 

i'*L.*nt/ Semple Oete (Deyt) Hepetitis Anti-S-l-l 
Clump io» inoculation dav » Viruses IS/NI 



ALT 

(mu/mi ) 



15 



20 



25 



30 



35 



40 



Pet tent 29 



Patient JO 



Chimp I 



Chimp 2 



Chimp 3 



Chimp 4 



Chimp S 



Chimp 6 



Ti 

TM80 
T*20t 

T 

T*307 
T«-799 

0 
76 
116 
154 

0 
21 
73 
138 

0 
43 

53 
159 

-3 
55 
83 
140 

0 
25 
40 
268 

-9 
IS 
41 
129 



HAKB 



HAHS 



NAM 



HAKB 



KAHB 



NAKB 



HAV 



HAV 



1.09 


UB0. 


33.89 


425 


36.22 


— — 


1.90 


1830 


34.17 


290 


32-45 


276 


0 .87 




0 93 


71 


23.67 


19 


32.41 




1.00 


5 


1.08 


52 


4.64 


13 


25.01 




1.08 


8 


1.44 


205 


1.82 


14 


11.87 


6 


1.12 


11 


1.25 


132 


6.60 




17.51 




1.50 


4 


2.39 


147 


1.92 


18 


153 


5 


0.65 






106 


0.81 


10 


1.33 
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50 



55 
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fati«nt/ 5**pl» Vtm (D*ys) H«p«titi» Anti-5-1-1 ALT 

Chimi? {o»inocul«tion day) viru»»« (S/N) fmu/ml ) 

Chimp 7 0 KAV i.17 7 

22 1.60 83 

113 1.53 5 

5 139 1.60 

Chimp 6 0 HAV 0.77 15 

26 1.98 130 

74 1.77 8 

203 1.27 5 

10 Chiwp 9 -290 HBV 1.74 

379 3.29 9 

433 2.77 6 

Chimp 10 0 HBV 2.35 8 

111-118 (pool) 2.74 95-155 (pc-. 

205 2.05 9 

75 * 240 1.78 13 

Chimp H 0 HBV 1.82 11 

28-56 (pool) 1.26 8-100 <poc 

169 — 9 

223 0.52 10 

20 

•T*day of inicial' •Amplinq 



25 

IV.E. Purification of Polyclonal Serum Antibodies to NANBs-i-i 

On the basis of the specific immunological reactivity of the SOD-NANB5-1-1 polypeptide with the 

30 antibodies in serum samples from patients with NANBH, a method was developed to purify serum 
antibodies which react immunologically with the epitope(s) in NANB5-1-1. This method utilizes affinity 
chromatography. Purified SOD-NANBs-i-t polypeptide (see Section IV.D.1) was attached to an insoluble 
support; the attachment is such that the immobilized polypeptide retains its affinity for antibody to 
NANBs-t-i. Antibody in serum samples is absorbed to the matrix-bound polypeptide. After washing to 

35 remove non-specifically bound materials and unbound materials, the bound antibody is released from the 
bound SOD-HCV polypeptide by change in pH, and/or by chaotropic reagents, for example, urea 

Nitrocellulose membranes containing bound SOD-NAN B5 -1-1 were prepared as follows. A nitrocel- 
lulose membrane, 2.1 cm Sartorius of 0.2 micron pore size, was washed for 3 minutes three times with 
BBS. SOD-NANB5-1-1 was bound to the membrane by incubation of the purified preparation in BBS at 

w room temperature for 2 hours; alternatively it was incubated at 4*C overnight The solution containing 
unbound antigen was removed, and the filter was washed three times with BBS for three minutes per wash. 
The remaining active sites on the membrane were blocked with BSA by incubation with a 5 mg/ml BSA 
solution for 30 minutes. Excess BSA was removed by washing the membrane with 5 times with BBS and 3 
times with distilled water. The membrane containing the viral antigen and BSA was then treated with 0.05 M 

45 glycine hydrochloride, pH 2.5, 0.10 M NaCI (GlyHCl) for 15 minutes, followed by 3 three minute washes 
with PBS. 

Polyclonal anti-NANBs-1-1 antibodies were isolated by incubating the membranes containing the fusion 
polypeptide with serum from an individual with NANBH for 2 hours. After the incubation, the filters were 
washed 5 times with BBS, and twice with distilled water. Bound antibodies were then eluted from each filter 
60 with 5 elutions of GlyHCl, at 3 minutes per elution. The pH of the eluates was adjusted to pH 8.0 by 
collecting each eluate in a test tube containing 2.0 M Tris HCI, pH 8.0. Recovery of the anti-NANBs-i-i 
antibody after affinity chromatography is approximately 50%. 

The nitrocellulose membranes containing the bound viral antigen can be used several times without 
appreciable decrease in binding capacity. To reuse the membranes, after the antibodies have been eluted 
55 the membranes are washed with BBS three times for 3 minutes. They are then stored in BBS at 4* C. 



IV.F. The Capture of HCV Particles from Infected Plasma Using Purified Human Polyclonal Anti-HCV 



49 



EP 0 318 216 A1 

Antibodies; Hybridization of the Nucleic Acid in the Captured Particles to HCV cDNA 



IV.F.1. The Capture of HCV Particles from Infected Plasma Using Human Polyclonal Anti-HCV Antibodies 

5 

Protein-nucleic acid complexes present in infectious plasma of a chimpanzee with NANBH were 
isolated using purified human polyclonal anti-HCV antibodies which were bound to polystyrene beads. 

Polyclonal anti-NANBs-1-1 antibodies were purified from serum from a human with NANBH using the 
SOD-HCV polypeptide encoded in clone 5-1-1. The method for purification was that described in Section 
w IV.E. 

The purified anti-NANBs-i-i antibodies were bound to polystyrene beads (1/4" diameter, specular fin 
ish, Precision Plastic Ball Co., Chicago, Illinois) by incubating each at room temperature overnight with 1 ml 
of antibodies (1 microgram/ml in borate buffered saline, pH 8.5). Following the overnight incubation, the 
beads were washed once with TBST [50 mM Tris HCI, pH 8.0. 150 mM NaCI, 0.05% (v/v) Tween 20], and 
15 then with phosphate buffered saiine (PBS) containing 10 mg/ml BSA. 

Control beads were prepared in an identical fashion, except that the purified anti-NANBs-i-i antibodies 
were replaced with total human immunoglobulin. 

Capture of HCV from NANBH infected chimpanzee plasma using the anti-NANBs-i-i antibodies bound 
to beads was accomplished as follows. The plasma from a chimpanzee with NANBH used is described in 
20 Section JVA1.. An aliquot (1 ml) of the NANBV infected chimpanzee plasma was incubated for 3 hours at 
37* C with each of 5 beads coated with either anti-NANBs-i-i antibodies, or with control immunoglobulins. 
The beads were washed 3 times with TBST. 



25 W.F.2. Hybridization of the Nucleic Acid in the Captured Particles to NANBV-cDNA 

The nucleic acid component released from the particles captured with anti-NANBs-i-i antibodies was 
- analyzed for hybridization to HCV cDNA derived from clone 81 . 

HCV particles were captured from NANBH infected chimpanzee plasma, as described in IV.F.1. To 

30 release the nucleic acids from the particles, the washed beads were incubated for 60 min. at 37* C with 0.2 
ml per bead of a solution containing proteinase k (1 mg/ml), 10 mM Tris HCI, pH 7.5. 10 mM EDTA. 0.25% 
(w>v) SDS, 10 micrograms/ml soluble yeast RNA, and the supernatant solution was removed. The 
supernatant was extracted with phenol and chloroform, and the nucleic acids precipitated with ethartol 
overnight at -20* C. The nucleic acid precipitate was collected by centrtfugation, dried, and dissolved in 50 

35 mM Hepes. pH 7.5. Duplicate aliquots of the soluble nucleic acids from the samples obtained from beads 
coated with anti-NANBs-i-i antibodies and with control beads containing total human immunoglobulin were 
filtered onto to nitrocellulose filters. The filters were hybridized with a ^P-labeled. nick-translated probe 
made from the purified HCV cDNA fragment in clone 81 . The methods for preparing the probe and for the 
hybridization are described in Section IV.C.1.. 

40 Autoradiography of a probed filter containing the nucleic acids from particles captured by beads 
containing anti-NANBs-i-i antibodies are shown in Fig. 40. The extract obtained using the anti-NANBs-1-1 
antibody <AiA>) gave dear hybridization signals relative to the control antibody extract (Aa^W) and to 
control yeast RNA (Bi,B2). Standards consisting of Ipg, 5pg. and 10pg of the purified, clone 81 cDNA 
fragment are shown in C1-3, respectively. 

45 These results demonstrate that the particles captured from NANBH plasma by anti-NANBs-1-1- 
antibodies contain nucleic acids which hybridize with HCV cDNA in clone 81, and thus provide further 
evidence that the cDNAs in these clones are derived from the etiologic agent for NANBH. 



50 IV-C Immunological Reactivity of C100-3 with Purified Anti-NANBs-i-i Antibodies 

The immunological reactivity of C100-3 fusion polypeptide with anti-NANBs-i-i antibodies was deter- 
mined by a radioimmunoassay, in which the antigens which were bound to a solid phase were challenged 
with purified anti-NANBs-i-i antibodies, and the antigen-antibody complex detected with 125 Habe!ed sheep 
55 anti-human antibodies. The immunological reactivity of C100-3 polypeptide was compared with that of SOD- 
NANB5-1-1 antigen. 

The fusion polypeptide C100-3 was synthesized and purified as described in Section IV.B.5. and in 
Section (V.B.6., respectively. The fusion polypeptide SOD-NANB5-1-1 was synthesized and purified as 
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described in Section IV.B.1. and in Section IV.D.1., respectively. Purified anti-NANBs-i-i antibodies were 
obtained as described in Section IV.E. 

One hundred microliter aliquots containing varying amounts of purified C100-3 antigen in 0.1 25M Na 
borate buffer, pH 8.3, 0.075M NaCI (BBS) was added to each well of a microtiter plate (Dynatech Immtilon 2 

5 Removawell Strips). The plate was incubated at 4* C overnight in a humid chamber, after which, the protein 
solution was removed and the wells washed 3 times with BBS containing 0.02% Triton X-100 (BBST). To 
prevent non-specific binding, the wells were coated with BSA by addition of 100 microliters of a 5 mg/ml 
solution of BSA in BBS followed by incubation at room temperature for 1 hour, after which the excess BSA 
solution was removed. The polypeptides in the coated wells were reacted with purified anti-NANBs-i-t 

70 antibodies by adding 1 microgram antibody/well, and incubating the samples for 1 hr at 37* C. After 
incubation, the excess solution was removed by aspiration, and the wells were washed 5 times with BBST. 
Anti-NANBs-i-i bound to the fusion polypeptides was determined by the binding of t25 Habeled F(ab)2 
sheep anti-human IgG to the coated wells. Aliquots of 100 microliters of the labeled probe (specific activity 
5-20 microcuries/microgram) were added to each well, and the plates were incubated at 37* C for 1 hour, 

75 followed by removal of excess probe by aspiration, and 5 washes with BBST. The amount of radioactivity 
bound in each well was determined by counting in a counter which detects gamma radiation. 

The results of the immunological reactivity of C100 with purified anti-NANBs-i-t as compared to that 
of NANBs-i-i with the purified antibodies are shown in Table 3. 

20 Table 3 



Immunological Reactivity of C100-3 compared to NANBg.,., by 
Radioimmunoassay 


AG(ng) 


RIA (cpm/assay) 


400 


320 


240 


160 


60 


0 


NANBs.1.1 
C100-3 


7332 
7450 


6732 
6985 


4954 
5920 


4050 
5593 


3051 
4096 


57 
67 



The results in Table 3 show that anti-NANBs-i-i recognizes an epitope(s) in the C100 moiety of the 
C1 00-3 polypeptide. Thus NANB5-1-1 and C100 share a common epitope(s). The results suggest that the 
cDNA sequence encoding this NANBV epitope(s) is one which is present in both clone 5-1-1 and in clone 
81. 

35 



LV,H. Characterization of HCV 



IV.H.1. Characterization of the Strandedness of the HCV Genome. 

The HCV genome was characterized with respect to its strandedness by isolating the nucleic acid 
fraction from particles captured on anti-NANBs-i-i antibody coated polystyrene beads, and determining 
whether the isolated nucleic acid hybridized with plus and/or minus strands of HCV cDNA. 

Particles were captured from HCV Infected chimpanzee plasma using polystyrene beads coated with 
immunopurified anti-NANBs-i-i antibody as described in Section 1V.F.1 . The nucleic acid component of 
the particles was released using the method described in Section IV.F.2. Aliquots of the isolated genomic 
nucleic acid equivalent to 3 mis of high titer plasma were blotted onto nitrocellulose filters. As controls, 
aliquots of denatured HCV cDNA from clone 81 (2 picograms) was also blotted onto the same filters. The 
filters were probed with ^P-labeled mixture of plus or mixture of minus strands of single stranded DNA 
cloned from HCV cDNAs; the cDNAs were excised from clones 40b, 81, and 25c. 

The single stranded probes were obtained by excising the HCV cDNAs from clones 81, 40b, and 25c 
with BcoRI, and cloning the cDNA fragments in M13 vectors, mp18 and mp19 [Messing (1983)]. The M13 
clones were sequenced to determine whether they contained the plus or minus strands of-DNA derived 
from the HCV cDNAs. Sequencing was by the dideoxychain termination method of Sanger et a!. (1977). 

Each of a set of duplicate filters containing aliquots of the HCV genome isolated from the captured 
particles was hybridized with either plus or minus strand probes derived from the HCV cDNAs. Fig. 41 
shows the autoradiographs obtained from probing the NANBV genome with the mixture of probes derived 
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from clones 81. 40b, and 25c. This mixture was used to increase the sensitivity of the hybridization assay. 
The samples in panel I were hybridized with the plus strand probe mixture. The samples in panel II were 
probed by hybridization with the minus strand probe mixture. The composition of the samples in the panels 
of the immunoblot are presented in table 4. 

5 

Table 4 



lane 


A 


B 


1 


HCV genome 


* 


2 




* 


3 


• 


cDNA 81 


4 




cDNA 81 



* is an undescribed sample. 



As seen from the results in Rg. 41, only the minus strand DNA probe hybridizes with the isolated HCV 
genome. This result, in combination with the result showing that the genome is sensitive to RNase and not 
DNase (See Section IV.C.2.), suggests that the genome of NANBV is positive stranded RNA. 
20 These data, and data from other laboratories concerning the physicochemical properties of a putative 
NANBV(s), are consistent with the possibility that HCV is a member of the Flaviviridae. However, the 
possibility that HCV represents a new class of viral agent has not been eliminated. 



25 IV.H.2. Detection of Sequences in Captured Particles 

Which When Amplified by PCR Hybridize to HCV cDNA Derived from Clone 81 

The RNA in captured particles was obtained as described In Section IV.H.1. The analysis for sequences 
which hybridize to the HCV cDNA derived from clone 81 was carried out utilizing the PCR amplification 
30 procedure, as described in Section IV.C.3, except that the hybridization probe was a kinased oligonucleotide 
derived from the clone 81 cDNA sequence. The results showed that the amplified sequences hybridized 
with the clone 81 derived HCV cDNA probe. 

IV.H.3. Homology Between the Non-Structural Protein of Dengue Ravi virus (MNWWVD1) and the HCV 
35 Polypeptides Encoded by the Combined ORF of Clones 14i Through 39c 

The combined HCV cDNAs of clones 14i through 39c contain one continuous ORF, as shown in Fig. 28. 
The polypeptide encoded therein was analyzed for sequence homology with the region of the non-structural 
polypeptide^) in Dengue flavivirus (MNWVD1). The analysis used the Dayhoff protein data base, and was 

40 performed on a computer. The results are shown in Rg. 42, where the symbol (:) indicates an exact 
homology, and the symbol (.) indicates a conservative replacement in the sequence; the dashes indicate 
spaces inserted into the sequence to achieve the greatest homologies. As seen from the figure, there is 
significant homology between the sequence encoded in the HCV cDNA, and the non-structural polypeptide- 
(s) of Dengue virus. In addition to the homology shown in Rg. 42, analysis of the polypeptide segment 

45 encoded in a region towards the 3 -end of the cDNA also contained sequences which are homologous to 
sequences in the Dengue polymerase. Of consequence is the finding that the canonical Gly-Asp-Asp (GDD) 
sequence thought to be essential for RNA-dependent RNA polymerases is contained in the polypeptide 
encoded in HCV cDNA, in a location which is consistent with that in Dengue 2 virus. (Data not shown.) 

50 

IV.H.4. HCV-DNA is Not Detectable in NANBH Infected Tissue 

Two types of studies provide results suggesting that HCV-DNA is not detectable In tissue from an 
individual with NANBH. These results, in conjunction with those described in IV.C. and IV.H.1. and IV.H.2. 
55 provide evidence that HCV is not a DNA containing virus, and that its replication does not involve cDNA. 



IV.H.4.a. Southern Blotting Procedure 
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In order to determine whether NANBH infected chimpanzee liver contains detectable HCV-DNA (or 
HCV-cDNA), restriction enzyme fragments of DNA isolated from this source was Southern blotted, and the 
blots probed with ^P-labeled HCV cDNA. The results showed that the labeled HCV cDNA did not hybridize 
to the blotted DNA from the infected chimpanzee liver. It also did not hybridize to control blotted DNA from 
s normal chimpanzee liver. In contrast, in a positive control, a labeled probe of the beta-interferon gene 
hybridized strongly to Southern blots of restriction enzyme digested human placental DNA. These systems 
were designed to detect a single copy of the gene which was to be detected with the labeled probe. 

DNAs were isolated from the livers of two chimpanzees with NANBH. Control DNAs were isolated from 
uninfected chimpanzee liver, and from human placentas.. The procedure for extracting DNA was essentially 
w according to Maniatis et al. (1982), and the DNA samples were treated with RNAse during the isolation 
procedure. 

Each DNA sample was treated with either EcoRI, Mbol, or HinCII (12 micrograms), according to the 
manufacturer's directions. The digested DNAs were electrophoresed on 1% neutral agarose gels, Southern 
blotted onto nitrocellulose, and the blotted material hybridized with the appropriate nick-translated probe 
75 cDNA (3 x 10 6 cpm/ml of hybridization mix). The DNA from infected chimpanzee liver and normal liver were 
hybridized with ^P-labeled HCV cDNA from clones 36 plus 81; the DNA from human placenta was 
hybridized with ^P-labeled DNA from the beta-interferon gene. After hybridization, the blots were washed 
under stringent conditions, i.e., with a solution containing 0.1 x SSC, 0.1% SDS, at 65* C. 

The beta-interferon gene DNA was prepared as described by Houghton et a! (1981). 

20 

IV.H.4.b. Amplification by the PCR Technique 

In order to determine whether HCV-DNA could be detected in liver from chimpanzees with NANBH, 

25 DNA was isolated from the tissue, and subjected to the PCR amplification-detection technique using 
primers and probe polynucleotides derived from HCV cDNA from clone 81. Negative controls were DNA 
samples isolated from uninfected HepG2 tissue culture cells, and from presumably uninfected human 
placenta. Positive controls were samples of the negative control DNAs to which a known relatively small 
amount (250 molecules) of the HCV cDNA insert from clone 81 was added. 

30 In addition, to confirm that RNA fractions isolated from the same livers of chimpanzees with NANBH 
contained sequences complementary to the HCV-cDNA probe, the PCR amplification-detection system was 
also used on the isolated RNA samples. 

In the studies, the DNAs were isolated by the procedure described in Section IV.HAa, and RNAs were 
extracted essentially as described by Chirgwin et al. (1981). 

35 Samples of DNA were isolated from 2 infected chimpanzee livers, from uninfected HepG2 cells, and 
from human placenta. One microgram of each DNA was digested with Hind II I according to the manufac- 
turer's directions. The digested samples were subjected to PCR amplification and detection for amplified 
HCV cDNA essentially as described in Section IV.C.3., except that the reverse transcriptase step was 
omitted. The PCR primers and probe were from HCV cDNA clone 81, and are described in Section IV.C.3.. 

40 Prior to the amplification, for positive controls, a one microgram sample of each DNA was "spiked" by the 
addition of 250 molecules of HCV cDNA insert isolated from clone 81. 

In order to determine whether HCV sequences were present in RNA isolated from the livers of 
chimpanzees with NANBH, samples containing 0.4 micrograms of total RNA were subjected to the 
amplification procedure essentially as described in Section IV.C.3., except that the reverse transcriptase 

45 was omitted from some of the samples as a negative control. The PCR primers and probe were from HCV 
cDNA clone 81, as described supra 

The results showed that amplified sequences complementary to the HCV cDNA probe were not 
detectable in the DNAs from infected chimpanzee liver, nor were they detectable in the negative controls. In 
contrast, when the samples, including the DNA from infected chimpanzee liver, was spiked with the HCV 

so cDNA prior to amplification, the clone 81 sequences were detected in all positive control samples. In 
addition, in the RNA studies, amplified HCV cDNA clone 81 sequences were detected only when reverse 
transcriptase was used, suggesting strongly that the results were not due to a DNA contamination. 

These results show that hepatocytes from chimpanzees with NANBH contain no, or undetectable levels, 
of HCV DNA. Based upon the spiking study, if HCV DNA is present, it is at a level far below .06 copies per 

55 hepatocyte. In contrast, the HCV sequences in total RNA from the same liver samples was readily detected 
with the PCR technique. 
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P/.l. EUSA Determinations for HCV Infection Using HCV c10f>3 As Test Antigen 



All samples were assayed using the HCV c100-3 EUSA. This assay utilizes the HCV c100-3 antigen 
(which was synthesized and purified as described in Section IV.B.5), and a horseradish peroxidase (HRP) 

5 conjugate of mouse monoclonal anti-human IgG. 

Plates coated with the HCV c100-3 antigen were prepared as follows. A solution containing Coating 
buffer (50mM Na Borate. pH 9.0), 21 ml/plate, BSA (25 micrograms/ml), c100-3 (2.50 micrograms/ml) was 
prepared just prior to addition to the Removeawell Immulon I plates (Dynatech Corp.). After mixing for 5 
minutes. 0.2ml/well of the solution was added to the plates, they were covered and incubated for 2 hours at 

to 37* C, after which the solution was removed by aspiration. The wells were washed once with 400 microliters 
Wash Btffer (100 mM sodium phosphate, pH 7.4, 140 mM sodium chloride, 0.1% (W/V) casein, 1% (W/V) 
Triton x-100. 0.01% (W/V) Thimerosal). After removal of the wash solution, 200 microUters/well of Postcoat 
solution (10 mM sodium phosphate. pH 7.2, 150 mM sodium chloride, 0.1% (w/v) casein and 2 mM 
phenylmethylsulfonylfluoride (PMSF)) was added, the plates were loosely covered to prevent evaporation, 

is and were allowed to stand at room temperature for 30 minutes. The wells were then aspirated to remove 
the solution, and lyophilized dry overnight, without shelf heating. The prepared plates may be stored at 2- 
8* C in sealed aluminum pouches. 

In order to perform the EUSA determination, 20 microliters of serum sample or control sample was 
added to a well containing 200 microliters of sample diluent (100 mM sodium phosphate, pH 7.4, 500 mM 

20 sodium chloride, 1 mM EDTA, 0.1% (W/V) Casein, 0.015 (W/V) Therosal, 1% (W/V) Triton X-100, 100 
micrograms/ml yeast extract). The plates were sealed, and incubated at 37* C for two hours, after which the 
solution was removed by aspiration, and the wells were washed with 400 microliters of wash buffer 
(phosphate buffered saline (PBS) containing 0.05% Tween 20). The washed wells were treated with 200 
microliters of mouse anti-human IgG-HRP conjugate contained in a solution of Ortho conjugate diluent (10 

25 mM sodium phosphate, pH 7.2, 150 mM sodium chloride. 50% (V/V) fetal bovine serum, 1% (V/V) heat 
treated horse serum, 1 mM KsFefCNfc, 0.05% (W/V) Tween 20, 0.02% (W/V) Thimerosal). Treatment was 
for 1 hour at 37* C, the solution was removed by aspiration, and the wells were washed with wash buffer, 
which was also removed by aspiration. To determine the amount of bound enzyme conjugate, 200 
microliters of substrate solution (10 mg O-phenylenediamine dihydrochloride per 5 ml of Developer solution) 

30 was added. Developer solution contains 50 mM sodium citrate adjusted to pH 5.1 with phosphoric acid, and 
0.6 microliters/ml of 30% H2O2. The plates containing the substrate solution were incubated in the dark for 
30 minutes at room temperature, the reactions were stopped by the addition of 50 microfrters/ml 4N sulfuric 
acid, and the ODs determined. 

The examples provided below show that the microtiter plate screening EUSA which utilizes HCV c100-3 

35 antigen has a high degree of specificity, as evidenced by an initial rate of reactivity of about 1%, with a 
repeat reactive rate of about 0.5% on random donors. The assay is capable of detecting an im- 
munoresponse in both the post acute phase of the infection, and during the chronic phase of the disease. In 
addition, the assay is capable of detecting some samples which score negative in the surrogate tests for 
NANBH; these samples come from individuals with a history of NANBH, or from donors implicated in 

40 NANBH transmission. 

In the examples described below, the following abbreviations are used: 
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Al T 


Alanine amino uansTerase 


Anti-HBc 


Antibody against HBc 


Anti-HBsAg 


Antibody against HBsAg 


HBc 


Hepatitis B core antigen 


ABsAg 


Hepatitis B surface antigen 


igG 


Immunoglobulin G 


igM 


Immunoglobulin M 


IU/L 


International units/Liter 


NA 


Not available 


NT 


Not tested 


N 


Samnlft size 


Neg 


Negative 


OD 


Optical density 


Pos 


Positive 


S/CO 


Signal/cutoff 


SD 


Standard deviation 


X 


Average or mean 


WNL 


Within normal limits 



IV.1.1. HCV Infection in a Population of Random Blood Donors 

25 A group of 1,056 samples (fresh sera) from random blood donors were obtained from Irwin Memorial 
Blood Bank, San Francisco, California. The test results obtained with these samples are summarized in a 
histogram showing the distribution of the OD values (Fig. 43). As seen in Fig. 43. 4 samples read >3, 1 
sample reads between 1 and 3, 5 samples read between 0.4 and 1 , and the remaining 1,046 samples read 
<0.4 ( with over 90% of these samples reading <0.1 . 

30 The results on the reactive random samples are presented in Table 5. Using a cut-off value equal to the 
mean plus 5 standard deviations, ten samples out of the 1,056 (0.95%) were initially reactive. Of these, five 
samples (0.47%) repeated as reactive when they were assayed a second time using the EUSA. Table 5 
also shows the ALT and Anti-HBd status for each of the repeatedly reactive samples. Of particular interest 
is the fact that all five repeat reactive samples were negative in both surrogate tests for NANBH, while 

35 scoring positive in the HCV EUSA. 
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TABLE 5 



76 



20 



RESULTS ON REACTIVE RANDOM SAMPLES 


N = 1051 










ST= 0.049* 










SD = ± 0.074 








Cut-off: x + 5SD = 0.419(0.400 


+ Negative Control) 




Samples 


Initial Reactives OD 


Repeat Reactives 


ALT- 


Anil Uins% *** 

Anil rlDC 






OD 


(IU/L) 


(OD) 


4227 


0.462 


0.084 


NA 


NA 


6292 


0.569 


0.294 


NA 


NA 


6188 


0.699 


0.326 


NA 


NA 


6157 


0.735 


0.187 


NA 


NA 


6277 


0.883 


0.152 


NA 


NA 


6397 


1.567 


1.392 


30.14 


1.433 


6019 


>3.000 


>3.000 


46.48 


1.057 


6651 


>3.000 


>3.000 


48.53 


1.343 


6669 


>3.000 


>3.000 


60.53 


1.165 


4003 


>3.000 


3.000 


WNL— 


Negative 




10/1056 = 0.95% 


5/1056 = 0.47% 







* Samples reading >1 .5 were not included in calculating the Mean and SD 
25 "* ALT £ 68 IU/L is above normal limits. 

~" Arrti-HBc £ 0.535 (competition assay) is considered positive. 
WNL Within normal limits. 



IV.t.2. Chimpanzee Serum Samples 

Serum samples from eleven chimpanzees were tested with the HCV c100-3 ELISA Four of these 
chimpanzees were infected with NANBH from a contaminated batch of Factor VIII (presumably Hutchinson 
strain), following an established procedure in a collaboration with Dr. Daniel Bradley at the Centers for 
Disease Control. As controls, four other chimpanzees were infected with HAV and three with HBV. Serum 
samples were obtained at different times after infection. 

The results, which are summarized in Table 6, show documented antibody seroconversion in all 
chimpanzees infected with the Hutchinson strain of NANBH. Following the acute phase of infection (as 
evidenced by the significant rise and subsequent return to normal of ALT levels), antibodies to HCV c 100-3 
became detectable in the sera of the 4/4 NANBH infected chimpanzees. These samples had previously 
been shown, as discussed in Section IV.B.3., to be positive by a Western analysis, and an RIA. In contrast, 
none of the control chimpanzees which had been infected with HAV or HBV showed evidence of reactivity 
in the ELISA 
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TABLE 6 
CHIMPANZEE SERUM SAMPT.tc 



10 



Negative Control 
Positive Control 
Cutoff 



00 



0.001 
1.500 
0.401 



s/co 



Inoculation 
Date 



Bleed 
Date 



ALT 
(IU/L) 



Transfused 



75 



20 



25 



30 



35 



40 



45 



Chimp 1 



Chimp 2 



Chimp 3 



Chimp 4 



Chimp 5 



Chimp 6 



Chimp 7 



-0.007 
0.005 
>3.000 
>3.000 



0.00 
0.01 
>7.48 
>7.48 



05/24/84 



— — 06/07/84 



-0.003 
-0.005 
0.945 
>3.000 

U.D05 

0.017 
0.006 
1.010 

-0.006 
0.003 
0.523 
1.574 

-O.006 
0.001 
0.003 
0.006 



-0.005 
0.001 

-0.004 
0.290 

-€•008 
-0.004 
-0.006 
0.005 



0.00 
0.00 
2.36 
>7.48 

0.01 
0.04 
0.01 
2.52 

0.00 
0.01 
1.31 
3.93 

0.00 
0.00 
0.01 
0.01 



— 05/25/82 
0.00 
0.00 
0.00 
0.72 



03/14/85 



03/11/85 



11/21/80 



0.00 
0.00 
0.00 
0.01 



05/25/82 



05/24/84 


9 


0&/fl7/81 

wo/U/ r O 1 


71 


09/18/84 


14 


10/24/84 




05/31/84 


5 


06/28/84 

WW' 40/ O 1 




08/20/84 

WW* 4lfr V ■ 


it 


10/24/84 




03/14/85 


8 


04/26/85 


205 


05/06/85 

W «" W» Oaf 


14 


08/20/85 

WW* 4V' W>ar 


o 


03/11/85 


11 


05/09/85 


132 


06/06/85 




08/01/85 




11/21/80 


4 


12/16/80 


147 


12/30/80 


18 


07/29 - 08/21/81 


5 


05/17/82 




06/10/82 


10G 


07/06/82 


10 


10/01/82 




05/25/82 


7 


06/17/82 


83 


09/16/82 


5 


10/09/82 





NANB 



NANB 



HAND 



HAND 



KAV 



HAV 



KAV 
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TABLE b 
CHIMPANZEE SERUM SAMPIES 
(Cont'd) 



10 



Chimp 8 



75 



20 



OP S/CO 



Chimp 10 



25 



30 



Chimp 11 



-0.007 
0.000 
0.004 
0.000 



Chimp 9 — 
0.019 



0.015 
0.008 



0.011 
0.015 
0.008 
0.010 



0.000 

-0.005 
-0.003 
-0.003 



0.00 
0.00 
0.01 
0.00 



0.05 

0.01 
0.02 



0.03 
0.04 
0.02 
0.02 



0.00 

o.ou 

0*00 
0.00 



Inoculation 
ll/21/SO 



07/24/80 



— 05/12/82 



05/12/82 



BlEEO 

Date 



11/21/80 
12/16780 
02/U3/81 
06703 - 06/10/81 



08/22 - 10/10/79 

03/11/81 
07/01 - 08/05/81 

10/01/81 



04/21 - 05/12/82 
09/01 - 09/08/82 
12/02/82 
01/06/83 



01/06 - 05/12/82 
06/23/82 

06/09 - 07/07/82 
10/28/82 
12/20/82 



ALT 
UU/l> 

15 
130 
8 
4.5 



57 
9 
6 



9 
126 
9 
13 



11 
100 

9 
10 



Transfused 
IIAV 



HBV 



IIDV 



HBV 



35 

IV.L3. Panel 1: Proven Infectious Sera from Chronic Human NANBH Carriers 

A coded panel consisted of 22 unique samples, each one in duplicate, for a total of 44 samples. The 
samples were from proven infectious sera from chronic NANBH carriers, infectious sera from implicated 
40 donors, and infectious sera from acute phase NANBH patients. In addition, the samples were from highly 
pedigreed negative controls, and other disease controls. This panel was provided by Dr. H. Alter of the 
Department of Health and Human Services. National Institutes of Health, Bethesda, Maryland. The panel 
was constructed by Dr. Alter several years ago, and has been used by Dr. Alter as a qualifying panel for 
putative NANBH assays. 

45 The entire panel was assayed twice with the EUSA assay, and the results were sent to Dr. Alter to be 
scored. The results of the scoring are shown in Table 7. Although the Table reports the results of only one 
set of duplicates, the same values were obtained for each of the duplicate samples. 

As shown in Table 7, 6 sera which were proven infectious in a chimpanzee model were strongly 
positive. The seventh infectious serum corresponded to a sample for an acute NANBH case, and was not 

so reactive in this ELISA. A sample from an implicated donor with both normal ALT levels and equivocal 
results in the chimpanzee studies was non-reactive in the assay. Three other serial samples from one 
individual with acute NANBH were also non-reactive. All samples coming from the highly pedigreed 
negative controls, obtained from donors who had at least 10 blood donations without hepatitis implication, 
were non-reactive in the EUSA. Finally, four of the samples tested had previously scored as positive in 

55 putative NANBH assays developed by others, but these assays were not confirm able. These four samples 
scored negatively with the HCV EUSA. 
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TABLE 7 



H. ALTER'S PANEL 1 : 


PANEL 


1ST 


2ND 




RESULT 


RESULT 


1) PROVEN INFECTIOUS BY CHIMPANZEE 


TRANSMISSION 






A. CHRONIC NANB: POST-TX 


JF 


+ 




EB 


+ 


+ 


PQ 


+ 


+ 


B. IMPLICATED DONORS WITH ELEVATED 


ALT 






BC 


+ 




JJ 


+ 




BB 


+ 


+ 


C. ACUTE NANB: POST-TX 


WH 






2) EQUIVOCALLY INFECTIOUS BY 




CHIMPANZEE TRANSMISSION 




A. IMPLICATED DONOR WIH NORMAL ALT 


CC 






3) ACUTE NANB: POST-TX 


JL WEEK 1 






JL WEEK 2 






JL WEEK 3 






4) DISEASE CONTROLS 


A. PRIMARY BILIARY CIRRHOSIS 


EK 






B. ALCOHOLIC HEPATITIS IN RECOVERY 


HB 






5) PEDIGREED NEGATIVE CONTROLS 


DH 






DC 






LV 






HL 






AH 






6) POTENTIAL NANB "ANTIGENS" 


JS-80-OIT-0 (ISHIDA) 






ASTERIX (TREPO) 






ZURTZ (ARNOLD) 






BECASSDINE (TREPO) 
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IV.L4. Panel 2: Donor/Recipient NANBH 
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w 



15 



The coded panel consisted of 10 unequivocal donor-recipient cases of transfusion associated IMANBH, 
with a total of 188 samples. E^ch case consisted of samples of some or all the donors to the recipient and 
of serial samples (drawn 3, 6, and 1 2 months after transfusion) from the recipient Also included was a pre- 
bleed, drawn from the recipient before transfusion. The coded panel was provided by Dr. H. Alter, from the 
NIH. and the results were sent to him for scoring. 

The results, which are summarized in Table 8. show that the EUSA detected antibody seroconversion 
in 9 of 10 cases of transfusion associated NANBH. Samples from case 4 (where no seroconversion was 
detected), consistently reacted poorly in the ELISA. Two of the 10 recipient samples were reactive at 3 
months post transfusion. At six months, 8 recipient samples were reactive; and at twelve months, with the 
exception of case 4, all samples were reactive. In addition, at least one antibody positive donor was found in 
7 out of the 10 cases, with case 10 having two positive donors. Also, in case 10. the recipients pre-bleed 
was positive for HCV antibodies. The one month bleed from this recipient dropped to borderline reactive 
levels, while it was elevated to positive at 4 and 10 month bleeds. Generally, a S/CO of 0.4 is considered 
positive. Thus, this case may represent a prior infection of the individual with HCV. 

The ALT and HBc status for all the reactive, i.e. t positive, samples are summarized in Table 9. As seen 
in the table, 1/8 donor samples was negative for the surrogate markers and reactive in the HCV antibody 
ELISA. On the other hand, the recipient samples (followed up to 12 months after transfusion) had either 
elevated ALT, positive Anti-HBc, or both. 



20 



TABLE 8 



DONOR/RECIPIENT NANB PANEL 



25 



30 



35 



40 



45 



H. ALTER DONOR/RECIPIENT NANB PANEL 



CASE 


DONOR 


RECIPIENT 
PREBLEED 


POST-TX 


OD 


S/CO 


OD 


S/CO 


3 MONTHS 


6 MONTHS 


12 MONTHS' 


OD 


S/CO 


OD 


S/CO 


OD 


S/CO 


1. 






.032 


0.07 


.112 


0.26 


>3.000 


>6.96 


>3.000 


>6.98 


2. 






.059 


0.14 


.050 


0.12 


1.681 


3.90 


>3.000 


>6.96 


3. 


.403 


0.94 


.049 


0.11 


.057 


0.13 


>3.000 


>6.96 


>3.000 


>6.96 


4. 






.065 


0.15 


.073 


0.17 


.067 


0.16 


217 


0.50 


5. 


>3.000 


>6.96 


.034 


0.08 


.096 


0.22 


>3.000 


>6.96 


>3.000 


>6.96 


6. 


>3.000 


>6.96 


.056 


0.13 


1.475 


3.44 


>3.000 


>6.96 


>3.000 


>6.96 


7. 


>3.000 


>6.96 


.034 


0.08 


.056 


0.13 


>3.000 


>6.96 


>3.000 


>6.96 


8. 


>3.000 


>6.96 


.061 


0.14 


.078 


0.18 


2.262 


5.28 


>3.000 


>6.96 


9. 


>3.000 


>6.96 


.080 


0.19 


.127 


0.30 


.055 


0.13 


>3.000 


>6.96 


10. 


>3.000 


>6.96 


>3.000 


>6.96 


.317* 


0.74 


>3.00O- 


>6.96 


>3.000~ 


>6.96 




>3.000 


>6.96 



















* 1 MONTH, 
-4 MONTHS. 
~ 10 MONTHS 
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TABLE 9 





ALT AND HBc STATUS FOR REACTIVE SAMPLES IN 


5 




H. ALTER PANEL 1 






Samples 


Anti-ALT* 


HBc** 




Donors 




Case 3 




Normal 


Negative 


10 


Case 5 




Elevated 


Positive 




Case 6 




Elevated 


Positive 




Case 7 




Not available 


Negative 




Case8 




Normal 


Positive 




Case 9 




Elevated 


Not available 


15 


Case 10 




Normal 


Positive 




Case 10 




Normal 


Positive 




Recipients 




Case 1 


6 mo 


Elevated 


Positive 


20 


12 mo 


Elevated 


Not tested 






Case 2 


6 mo 


Elevated 


Negative 




12 mo 


Elevated 


Not tested 






Case 3 


6 mo 


Normal 


Not tested— 




12 mo 


Elevated 


Not tested** 




25 


Case 5 


6 mo 


Elevated 


Not tested 




12 mo 


Elevated 


Not tested 






Case 6 


3 mo 


Elevated 


Negative 




6 mo 


Elevated 


Negative 






12 mo 


Elevated 


Not tested 




30 


Case 7 


6 mo 


Elevated 


Negative 




12 mo 


Elevated 


Negative 






CaseB 


6 mo 


Normal 


Positive 




12 mo 


Elevated 


Not tested 






Case 9 


12 mo 


Elevated 


Not tested 


35 


Case 10 


4 mo 


Elevated 


Not tested 




10 mo 


Elevated 


Not tested 





* ALT £45 IU/L is above normal limits. 
** Anti-HBc £50% (competition assay) is considered positive. 
Prebleed and 3 mo samples were negative for HBc. 



I V.I. 5. Determination of HCV Infection in High Risk Group Samples 

45 

Samples from high risk groups were monitored using the ELISA to determine reactivity to HCV c10O-3 
antigen. These samples were obtained from Dr. Gary Tegtmeier, Community Blood Bank, Kansas City. The 
results are summarized in Table 10. 

As shown in the table, the samples with the highest reactivity are obtained from hemophiliacs (76%). In 
so addition, samples. from individuals with elevated ALT and positive for Anti-HBc, scored 51% reactive, a 
value which is consistent with the value expected from clinical data and NANBH prevalence in this group. 
The incidence of antibody to HCV was also higher in blood donors with elevated ALT alone, blood donors 
positive for antibodies to Hepatitis B core alone, and in blood donors rejected for reasons other than high 
ALT or anti-core antibody when compared to random volunteer donors. 

55 
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TABLE 10 



NANBH HIGH RISK GROUP SAMPLES 


Group 


N 


Distribution 


% Reactive 


N 


OD 


Elevated ALT 


35 


3 


>3.000 


11.4% 


1 


0.728 








Anti-HBc 


24 


5 


>3.000 


20.8% 


Elevated ALT, Anti-HBc 


33 


12 


>3.000 


51.5% 


1 


2.768 










2.324 










0.939 








1 


0.951 










0.906 








Rejected Donors 


25 


5 


>3.000 


20.0% 


Donors with History of Hepatitis 


150 


19 


>3.000 


14.7% 




0.837 










0.714 










0.469 








Haemophiliacs 


50 


31 


>3.000 


76.0% 




£568 










2.483 










2.000 










1.979 










1.495 










1.209 










0.819 









IV.I.6 Comparative Studies Using Anti-IgG or Anti-IgM Monoclonal Antibodies, or Polyclonal Antibodies as a 
Second Antibody in the HCV c100-3 ELISA 

The sensitivity of the ELISA determination which uses the anti-IgG monoclonal conjugate was compared 
to that obtained by using either an antMgM monoclonal conjugate, or by replacing both with a polyclonal 
antiserum reported to be both heavy and light chain specified. The following studies were performed. 



IV.l.6.a Serial Samples from Seroconverters 

Serial samples from three cases of NANB seroconverters were studied in the HCV c100-3 ELISA assay 
^ using in the enzyme conjugate either the anti-IgG monoclonal alone, or in combination with an antMgM 
monoclonal, or using a polyclonal antiserum. The samples were provided by Dr. Cladd Stevens, N.Y. Blood 
Center, N.Y.C., N.Y.. The sample histories are shown in Table 11. , 

The results obtained using an anti-IgG monoclonal antibody-enzyme conjugate are shown in Table 12. 
The data shows that strong reactivity is initially detected in samples 1-4, 2-8, and 3-5, of cases 1, 2, and 3. 
5o respectively. 

The results obtained using a combination of an anti-IgG monoclonal conjugate and an anti-IgM 
conjugate are shown in Table 13. Three different ratios of anti-IgG to anti-IgM were tested; the 1:10,000 
dilution of anti-IgG was constant throughout Dilutions tested for the anti-IgM monoclonal conjugate were 
150,000, 1:60.000, and 1:120,000. The data shows that, in agreement with the studies with anti-IgG alone, 
5g initial strong reactivity is detected in samples 1-4, 2-8, and 3-5. 

The results obtained with the ELISA using anti-IgG monoclonal conjugate (1:10,000 dilution), or Tago 
polyclonal* conjugate (1:80,000 dilution), or Jackson polyclonal conjugate (1:80,000 dilution) are shown in 
Table 14. The data indicates that initial strong reactivity is detected in samples 1-4, 2-8, and 3-5 using all 
three configurations; the Tago polyclonal antibodies yielded the lowest signals. 
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The results presented above show that all three configurations detect reactive samples at the same time 
after the acute phase of the disease (as evidenced by the ALT elevation). Moreover, the results indicate that 
the sensitivity of the HCV c10O-3 EUSA using anti-IgG monoclonal-enzyme conjugate is equal to or better 
than that obtained using the other tested configurations for the enzyme conjugate. 

TABLE 11 

DESCRIPTION OF SAMPLES FROM CLADD STEVENS PANEL 



HBiAt Anti-HB« Apti-HBc ALT Biliruom 

75 I 





]-1 


8/5/81 


1.0 


91.7 


12.9 


40. 0 


-1.0 




1-2 


9/2/81 


1.0 


121.0 


15.1 


274.0 


1.4 




1-3 


10/7/61 


1*0 




23.8 


261.0 


0*9 


20 


1-4 


11/19/81 




©7.3 


33.8 


75 .0 


0.9 




.1-5 


12/15/81 






Z7.fr 


J 1.0 


1.0 




Catt 2 














25 


















2-1 


10/19/81 


1.0 


1.0 


114 J 


17 .0 


-1.0 




2-2 


11/17/81 


1.0 


0.8 




46.0 


1.1 




2-3 


12/02/81 


1.0 


1.2 


78.3 


63 0 


*•* 


30 


2-* 


12/14/81 


1.0 


0.9 


90.6 


152.0 


1.4 




2-5 


12/23/81 


1.0 


0.8 


93.6 


624.0 


1.7 




2-6 


1/20/82 


1.0 


0.8 


92.9 


66.0 


1.5 




2-7 


2/15/82 


1.0 


0.8 


86.7 


70.0 


1.3 


35 


2-8 


3/17/82 


1.0 


0.9 


69.8 


24.0 


-1.0 


2 T 9 


4/21/82 


1.0 


0.9 


67.1 


53.0 


1.5 




2-10 


5/19/82 


1.0 


0.5 


74.8 


95.0 


1.6 




2-11 


ft/14/82 


1.0 


0.8 


82.9 


37.0 


-1.0 


40 


Cm 3 
















3-1 


4/7/81 


1.0 


1.2 


88.4 


13.0 


-1.0 




3-2 


5/12/81 


1.0 


1.1 


126.2 


' 236.0 


0.4 


46 


3-3 


5/30/81 


1.0 


0.7 


99.9 


471.0 


0.2 




3-4 


4/9/81 


1.0 


1.2 


110.8 


315.0 


0.4 




3-5 


7/4/81 


1.0 


1.1 


89.9 


273.0 


0.4 




3-6 


4/10/81 


1.0 


1.0 


118.2 


138.0 


0.4 


60 


3-7 


9/8/81 


1.0 


1.0 


112.3 


84.0 


0.3 




3-8 


10/14/81 


1.0 


0.9 


102.5 


180.0 


0.3 




3-9 


11/11/81 


1.0 


1.0 


84.6 


134.0 


0.3 
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TABLE 12 



EUSA RESULTS OBTAINED USING AN ANTI-IgG 
MONOCLONAL CONJUGATE 



SAMPLE 


DATE 


ALT 


OD 


S/CO 


NEG CONTROL 






.076 




CUTOFF 






.476 




PC (1:128) 






1.390 




CASE#1 


1-1 


08/05/81 


40.0 


.178 


.37 


1-2 


09/02/81 


274.0 


.154 


.32 


1-3 


10/07/81 


261.0 


.129 


.27 


1-4 


11/19/81 


75.0 


.937 


1.97 


1-5 


12/15/81 


71.0 


>3.000 


>6.30 


CASE #2 


2-1 


10/19/81 


17.0 


.058 


0.12 


2-2 


11/17/81 


46.0 


.050 


0.11 


2-3 


12/02/81 


63.0 


.047 


0.10 


2-4 


12/14781 


152.0 


.059 


0.12 


2-5 


12/23/81 


624.0 


.070 


0.15 


2-6 


01/20/82 


66.0 


.051 


0.11 


2-7 


02/15/82 


70.0 


.139 


029 


2-8 


03/17/82 


24.0 


1.867 


3.92 


2-9 


04/21/82 


53.0 


>3.000 


>6.30 


2-10 


05/19/82 


95.0 


>3.000 


>6.30 


2-11 


06/14782 


37.0 


>3.000 


>6.30 


CASE #3 


3-1 


04707/81 


13.0 


.090 


.19 


3-2 


05/12/81 


236.0 


.064 


.13 


3-3 


05/30/81 


471.0 


.079 


.17 


3-4 


06/09/81 


315.0 


.211 


.44 


3-5 


07/06/81 


273.0 


1.707 


3.59 


3-6 


08/10/81 


158.0 


>3.000 


>6.30 


3-7 


09/08/81 


84.0 


>3.000 


>6.30 


3-8 


10/14/81 


180.0 


>3.000 


>6.30 


3-9 


11/11/81 


154.0 


>3.000 


>6.30 
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TABLE 13 



25 



30 



45 



ELISA RESULTS OBTAINED USING ANTI-IgG and ANTMgM MONOCLONAL CONJUGATE 


SAMPLE 


DATE 


ALT 


NANB EUSAS 








MONOCLONALS 


MONOCLONALS 


MONOCLONALS IGG 








IGG 1:10K IGM 


IGG 1:1 OK IGM 


1:1 OK IGM1:120K 








130K 




1:60K 














OD 


S/CO 


OD 


S/CO 


OD 


S/CO 


NEG CONTROL 






.100 




.080 




.079 




CUTOFF 


















PC (1:128) 






1.083 




1.328 




1.197 




CASE #1 


1-1 


08/05/81 


40 


.173 




.162 




.070 




1-2 


09/02/81 


274 


.194 




.141 




.079 




1-3 


10/07/81 


261 


.162 




.129 




.063 




1-4 


11/19/81 


75 


.812 




.85 




.709 




1-6 


12/15/81 


71 


>3.00 




>3.00 




>3.00 




Case #2 


2-1 


10/19/81 


17 


.442 




.045 




.085 




2-2 


11/17/81 


46 


.102 




.029 




.030 




2-3 


12/02/81 


63 


.059 




.036 




.027 




2-4 


12/14/81 


152 


.065 




.041 




.025 




2-5 


12/23/81 


624 


.082 




.033 




.032 




2-6 


01/20/82 


66 


.102 




.042 




.027 




2-7 


02/15/82 


70 


.188 




.068 




.096 




2-8 


03/17/ffi 


24 


1.728 




1.668 




1.541 




2-9 


04/21/82 


53 


>3.00 




2.443 




>3.00 




2-10 


05/19/82 


95 


>3.00 




>3.00 




>3.00 




2-11 


06/14/82 


37 


>3.00 




>3.00 




>3.00 




CASE #3 


3-1 


04/07/81 


13 


.193 




.076 




.049 




3-2 


05/12/81 


236 


.201 




.051 




.038 




3-3 


05/30/81 


471 


.132 




.067 




.052 




3-4 


06/09/81 


315 


.175 




.155 




.140 




3-5 


07/06/81 


273 


1.335 




1.238 




1.260 




3-6 


08/10/81 


158 


>3.00 




>3.00 




>3.00 




3-7 


09/08/81 


84 


>3.00 




>3.00 




>3.00 




3-8 


10/14781 


180 


>3.00 




>3.00 




>3.00 




3-9 


11/11/81 


154 


>3.00 




>3.00 




>3.00 
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TABLE 14 



10 



is 



25 



30 



40 



ELISA RESULTS OBTAINED USING POLYCLONAL CONJUGATES 


SAMPLE 


DATE 


ALT 


NANB ELISAS 








MONOCLONAL 1:1 OK 


TAG01:80K 


JACKSON 1:80K 








OD 


S/CO 


OD 


S/CO 


OD 


S/CO 


NEG CONTROL 






.076 




.045 




.154 




CUTOFF 






.476 




.545 




.654 




PC (1:128) 






1.390 




.727 




2.154 




CASE#1 


1-1 


08/05/81 


40 


.178 


.37 


.067 


.12 


.153 


23 


1-2 


09/02/81 


274 


.154 


.32 


.097 


.18 


.225 


.34 


1-3 


10/07/81 


261 


.129 


.27 


.026 


.05 


.167 


.26 


1-4 


11/19/81 


75 


.937 


1.97 


.324 


.60 


.793 


121 


1-5 


12/15/81 


71 


>3.00 


>6.30 


1.778 


3.27 


>3.00 


>4.59 


CASE #2 


2-1 


10/19/81 


17 


.058 


.12 


.023 


.04 


.052 


.08 


2-2 


11/17/81 


46 


.050 


.11 


.018 


.03 


.058 


.09 


2-3 


12/02/81 


63 


.047 


.10 


.020 


.04 


.060 


.09 


2-4 


12/14/81 


152 


.059 


.12 


.025 


.05 


.054 


.08 


2-5 


12/23/81 


624 


.070 


.15 


.026 


.05 


.074 


.11 


2-6 


01/20/82 


66 


.051 


.11 


.018 


.03 


.058 


.09 


2-7 


02/15/82 


70 


.139 


29 


.037 


.07 


.146 


22 


2-8 


03/17/82 


24 


1.867 


3.92 


.355 


.65 


1.429 


2.19 


2-9 


04/21/82 


53 


>3.00 


>6.30 


.748 


1.37 


>3.00 


>4.59 


2-10 


05/19/82 


95 


>3.00 


>6.30 


1.025 


1.88 


>3.00 


>4.59 


2-11 


06/14/82 


37. 


>3.00 


>6.30 


.917 


1.68 


>3.00 


>4.59 


Case #3 


3-1 


04/07/81 


13 


.090 


.19 


.049 


.09 


.138 


21 


3-2 


05/12/81 


236 


.064 


.13 


.040 


.07 


.094 


.14 


3-3 


05/30/81 


471 


.079 


.17 


.045 


.08 


.144 


22 


3-4 


06/09/81 


315 


.211 


.44 


.085 


.16 


275 


.42 


3-5 


07/06/81 


273 


1.707 


3.59 


.272 


.50 


1.773 


271 


3-6 


08/10/81 


158 


>3.00 


>6.30 


1.347 


2.47 


>3.00 


>4.59 


3-7 


09/08/81 


84 


>3.00 


>6.30 


2294 


4.21 


>3.00 


>4.59 


3-8 


10/14/81 


180 


>3.00 


>6.30 


>3.00 


>5.50 


>3.00 


>4.59 


3-9 


11/11/81 


154 


>3.00 


>6.30 


>3.00 


>5.50 


>3.00 


>4.59 



IV.I.6.b. Samples from Random Blood Donors 

Samples from random blood donors (See Section IV.1.1.) were screened for HCV infection using the 
so HCV c10O-3 ELISA, in which the antibody-enzyme conjugate was either an anti-IgG monoclonal conjugate, 
or a polyclonal conjugate. The total number of samples screened were 1077 and 1056, for the polyclonal 
conjugate and the monoclonal conjugate, respectively. A summary of the results of the screening is shown 
in Table 15, and the sample distributions are shown in the histogram in Fig. 44. 

The calculation of the average and standard deviation was performed excluding samples that gave a 
55 signal over 1.5, i.e., 1073 OD values were used for the calculations utilizing the polyclonal conjugate, and 
1051 for the anti-IgG monoclonal conjugate. As seen In Table 15, when the polyclonal conjugate was used, 
the average was shifted from 0.0493 to 0.0931, and the standard deviation was increased from 0.074 to 
0.0933. Moreover, the results also show that if the criteria of x +5SD is employed to define the assay 
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cutoff, the polyclonal-enzyme conjugate configuration in the EUSA requires a higher cutoff value. This 
indicates a reduced assay specificity as compared to the monoclonal system. In addition, as depicted in the 
histogram in Fig. 44, a greater separation of results between negative and positive distributions occurs when 
random blood donors are screened in an ELISA using the anti-IgG monoclonal conjugate as compared to 
s the assay using a commercial polyclonal label. 

TABLE 15 



COMPARISON OF TWO EUSA CONFIGURATIONS IN 
TESTING SAMPLES FROM RANDOM BLOOD DONORS 


CONJUGATE 


POLYCLONAL 
(Jackson) 


ANTMgG 
MONOCLONAL 


Number of samples 
Average (x) 

Standard deviation (SD) 
5SD 

CUT-OFF (5 SD + x) 


1073 
0.0931 
0.0933 
0.4666 
0.5596 


1051 

0.04926 
0.07427 
0.3714 
0.4206 



IV.J. Detection of HCV Seroconversion in NANBH Patients from a Variety of Geographical Locations 

25 Sera from patients who were suspected to have NANBH based upon elevated ALT levels, and who 
were negative in HAV and HBV tests were screened using the RIA essentially as described in Section IV.D., 
except that the HCV C100-3 antigen was used as the screening antigen in the microtiter plates. As seen 
from the results presented in Table 16, the RIA detected positive samples in a high percentage of the 
cases. 

30 

Table 16 



Seroconversion Frequencies for Anti-c10f>3 


Among NANBH Patients in Different Countries 


Country 


The 


Italy 


Japan 




Netherlands 






No. Examined 


5 


36 


26 


No. Positive 


3 


29 


19 


% Positive 


60 


80 


73 



45 IV.K. Detection of HCV Seroconversion in Patients with "Community Acquired* NANBH 

Sera which was obtained from 100 patients with NANBH, for whom there was no obvious transmission 
route {I.©-, no transfusions, i.v. drug use. promiscuity, etc. were identified as risk factors), was provided by 
Dr. M. Alter of the Center for Disease Control, and Dr. J. Dienstag of Harvard University. TTiese samples 

so were screened using an RIA essentially as described in Section IV.D.. except that the HCV c100-3 antigen 
was used as the screening antigen attached to the microtiter plates. The results showed that of the 100 
serum samples, 55 contained antibodies that reacted immunologically with the HCV c100-3 antigen. 

The results described above suggest that "Community Acquired" NANBH is also caused by HCV. 
Moreover, since it has been demonstrated herein that HCV is related to Flaviviruses, most of which are 

55 transmitted by arthropods, it is suggestive that HCV transmission in the "Community Acquired" cases also 
results from arthropod transmission. 
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IV.L. Comparison of Incidence of HCV Antibodies and Surrogate Markers in Donors Implicated in NANBH 
Transmission 



A prospective study was carried out to determine whether recipients of blood from suspected NANBH 

s positive donors, who developed NANBH, serocon verted to anti-HCV-antibody positive. The blood donors 
were tested for the surrogate marker abnormalities which are currently used as markers for NANBH 
infection, i.e., elevated ALT levels, and the presence of anti-core antibody, in addition, the donors were aJso 
tested for the presence of anti-HCV antibodies. The determination of the presence of anti-HCV antibodies 
was determined using a radioimmunoassay as described in Section IV.K. The results of the study are 

io presented in Table 17, which shows: the patient number (column 1); the presence of anti-HCV antibodies in 
patient serum (column 2); the number of donations received by the patient, with each donation being from a 
different donor (column 3); the presence of anti-HCV antibodies in donor serum (column 4); and the 
surrogate abnormality of the donor (column 5) (NT or - means not tested) (ALT is elevated transaminase, 
and ANTJ-HBc is anti-core antibody). 

15 The results in Table 17 demonstrate that the HCV antibody test is more accurate in detecting infected 
blood donors than are the surrogate marker tests. Nine out of ten patients who developed NANBH 
symptoms tested positive for anti-HCV antibody seroconversion. Of the 11 suspected donors, (patient 6 
received donations from two different individuals suspected of being NANBH carriers), 9 were positive for 
anti-HCV antibodies, and 1 was borderline positive, and therefore equivocal (donor for patient 1). In contrast 

20 using the elevated ALT test 6 of the ten donors tested negative, and using the anticore-antibody test 5 of 
the ten donors tested negative. Of greater consequence, though, in three cases (donors to patients 8, 9, and 
10) the ALT test and the ANTi-HBc test yielded inconsistent results. 



Table 17 

26 



40 



DEVELOPMENT OF ANTI-HCV ANTIBODIES IN PATIENTS RECEIVING BLOOD 




FROM DONORS SUSPECTED OF BEING NANBH CARRIERS 




Patient 


Anti-HCV 


No. of 


Anti-HCV . 


Surrogate 




Seroconversion in 


Donations/Donors 


Positive Donor 


Abnormality 




Patient 


















Alt 


Anti-HB 


1 


yes 


18 


equiv 


no 


no 


2 


yes 


18 


yes 


NT 


yes 


3 


yes 


13 


yes 


no 


no 


4 


no 


18 


no 






5 


yes 


16 


yes 


yes 


yes 


6 


yes 


11 


yes(2) 


no 


no 










yes 


yes 


7 


yes 


15 


yes 


NT 


no 


8 


yes 


20 


yes 


no 


yes 


9 


yes 


5 


yes 


yes 


no 


10 


yes 


15 


yes 


no 


yes 



*Same donor as anti-NANBV Positive. 



50 

IV.M. Amplification for Cloning of HCV cDNA Sequences Utilizing the PCR and Primers Derived from 
Conserved Regions of Flavivirus Genomic Sequences 

The results presented supra, which suggest that HCV is a flavivirus or flavHike virus, allows a strategy 
55 for cloning uncharacterized HCV cDNA sequences utilizing the PCR technique, and primers derived from 
the regions encoding conserved amino acid sequences in flaviviruses. Generally, one of the primers is 
derived from a defined HCV genomic sequence, and the other primer which flanks a region of unsequenced 
HCV polynucleotide is derived from a conserved region of the flavivirus genome. The flavivirus genomes 
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are known to contain conserved sequences within the NS1, and E polypeptides, which are encoded in the 
5 -region of the jlavivirus genome. Corresponding sequences encoding these regions lie upstream of the 
HCV cDNA sequence shown in Fig. 26. Thus, to isolate cDNA sequences derived from this region of the 
HCV genome, upstream primers are designed which are derived from the conserved sequences within 
s these fiavivirus polypeptides. The downstream primers are derived from an upstream end of the known 
portion of the HCV cDNA 

Because of the degeneracy of the code, it is probable that there will be mismatches between the 
fiavivirus probes and the corresponding HCV genomic sequence. Therefore a strategy which is similar to 
the one described by Lee (1988) is used. The Lee procedure utilizes mixed oligonucleotide primers 

70 complementary to the reverse translation products of an amino acid sequence; the sequences in the mixed 
primers takes into account every codon degeneracy for the conserved amino acid sequence. 

Three sets of primer mixes are generated, based on the amino acid homologies found in several 
flaviviruses, including Dengue-2,4 (D-2,4), Japanese Encephalitis Virus (JEV), Yellow Fever (YF), and West 
Nile Virus (WN). The primer mixture derived from the most upstream conserved sequence (5'-1), is based 

is upon the amino acid sequence gly-trp-gly, which is part of the conserved sequence asp-arg-gly-trp-gly- 
aspN found in the E protein of D-2, JEV, YF, and WN. The next primer mixture (5'-2) is based upon a 
downstream conserved sequence in E protein, phe^sp-gry-asp-ser-tyr-Heu-phe-gly-asp-ser-tyr-ileu, and is 
derived from phe-gly-asp; the conserved sequence is present in D-2, JEV, YF, and WN. The third primer 
mixture (5 -3), is based on the amino acid sequence arg-ser-cys, which is part of the conserved sequence 

20 cys-cys-arg-ser-Hcys in the NS1 protein of D-2, D-4, JEV, YF, and WN. The individual primers which form 
the mixture in 5 -3 are shown in Fig. 45. In addition to the varied sequences derived from conserved region, 
each primer in each mixture also contains a constant region at the 5 -end which contains a sequence 
encoding sites for restriction enzymes, Hindlll, MboL and EcoRI. 

The downstream primer, ssc5h20A, is derived from a nucleotide sequence in clone 5h, which contains 

25 HCV cDNA with sequences with overlap those in clones 14i and 11b. The sequence of ssc5h20A is 

5' GTA ATA TGG TGA CAG AGT CA 3. 

An alternative primer, ssc5h34A, may also be used. This primer is derived from a sequence in clone 5h, 
30 and in addition contains nucleotides at the 5'-end which create a restriction enzyme site, thus facilitating 
cloning. The sequence of ssc5h34A is 

5' GAT CTC TAG AGA AAT CAA TAT GGT GAC AGA GTC A 3'. 

35 The PCR reaction, which was initially described by Saiki et a!. (1986), is carried out essentially as 
described in Lee et ai. (1988), except that the template for the cDNA is RNA isolated from HCV infected 
chimpanzee liver, as described in Section IV.C.2., or from viral particles isolated from HCV infected 
chimpanzee serum, as described in Section IV AI. In addition, the annealing conditions are less stringent in 
the first round of amplification (0.6M NaCI, and 25* C), since the part of the primer which will anneal to the 

40 HCV sequence is only 9 nucleotides, and there could be mismatches. Moreover, if ssc5h34A Is used, the 
additional sequences not derived from the HCV genome tend to destabilize the primer-template hybrid. 
After the first round of amplification, the annealing conditions can be more stringent (0.066M NaCI, and 
32* C-37* C), since the amplified sequences now contain regions which are complementary to, or duplicates 
of the primers. In addition, the first 10 cycles of amplification are run with Klenow enzyme I, under 

45 appropriate PCR conditions for that enzyme. After the completion of these cycles, the samples are 
extracted, and run with Tag polymerase, according to kit directions, as furnished by Cetus/Perkin-Elmer. 

After the amplification, the amplified HCV cDNA sequences are detected by hybridization using a probe 
derived from clone 5h. This probe is derived from sequences upstream of those used to derive the primer, 
and does not overlap the sequences of the clone 5h derived primers. The sequence of the probe is 

50 

5 CCC AGC GGC GTA CGC GCT GGA CAC GGA GGT GGC CGC GTC GTG TGG CGG TGT TGT TCT 
CGT CGG GTT GAT GGC GC 3'. 



55 

IV.N.1. Creation of HCV cDNA Library from liver of a Chimpanzee with infectious NANBH 

An HCV cDNA library was created from liver from the chimpanzee from which the HCV cDNA library in 
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Section IV.A.1. was created. The technique for creating the library was similar to that in Section IVA24. 
. except for this different source of the RNA, and that a primer based on the sequence of HCV cDNA in clone 
11b was used. The sequence of the primer was 

5 5 CTG GCT TGA AGA ATC 3'. 



IV.N.2. Isolation and nucleotide sequence of overlapping HCV cDNA in clone k9-1 to cDNA in clone 11b 

10 

Clone k9-1 was isolated from the HCV cDNA library created from the liver of an NANBH infected 
chimpanzee, as described in Section IVA25. The library was screened for clones which overlap the 
sequence in clone 11b, by using a clone which overlaps clone 11b at the 5-terminus, clone He. The 
sequence of clone 11b is shown in Fig. 23. Positive _clones were isolated with a frequency of 1 in 500,000. 

is One isolated clone, k9-1, was subjected to further study. The overlapping nature of the HCV cDNA in clone 
k9-l, to the 5'-end of the HCV-cDNA sequence in Fig. 26 was confirmed by probing the clone with clone 
Alex 46; this latter clone contains an HCV cDNA sequence of 30 base pairs which corresponds to those 
base pairs at the s'terminus of the HCV cDNA in clone 14i, described supra.. 

The nucleotide sequence of the HCV cDNA isolated from clone k9-1 was determined using the 

20 techniques described supra The sequence of the HCV cDNA in clone k9-1 t the overlap with the HCV cDNA 
in Fig. 26, and the amino acids encoded therein are shown in Fig. 46. 

The HCV cDNA sequence in clone k9-1 has been aligned with those of the clones described in Section 
IV.A.1 9. to create a composite HCV cDNA sequence, with the k9-1 sequence being placed upstream of the 
sequence shown in Fig. 32. The composite HCV cDNA which includes the k9-1 sequence and the amino 

25 acids encoded therein is shown in Fig. 47. 

The sequence of the amino acids encoded in the 5 -region of HCV cDNA shown in Fig. 47 has been 
compared with the corresponding region of one of the strains of Dengue virus, described supra., with 
respect to the profile of regions of hydrophobicity and hydrophtlicity. This comparison showed that the 
polypeptides from HCV and Dengue encoded in this region, which corresponds to the region encoding NS1 

30 (or a portion thereof), have a similar hydrophobic/hydrophilic profile. 

The information provided infra allows the identification of HCV strains. The isolation and characteriza- 
tion of other HCV strains may be accomplished by isolating the nucleic acids from body components which 
contain viral particles, creating cDNA libraries using polynucleotide probes based on the HCV cDNA probes 
described infra, screening the libraries for clones containing HCV cDNA sequences described infra, and 

35 comparing the HCV cDNAs from the new isolates with the cDNAs described infra The polypeptides 
encoded therein, or in the viral genome, may be monitored for immunological cross-reactivity utilising the 
polypeptides and antibodies described supra Strains which fit within the parameters of HCV, as described 
in the Definitions section, supra., are readily identifiable. Other methods for identifying HCv strains will be 
obvious to those of skill in the art, based upon the information provided herein. 

40 

Industrial Applicability 



45 The invention, in the various manifestations disclosed herein, has many industrial uses, some of which 
are the following. The HCV cDNAs may be used for the design of probes for the detection of HCV nucleic 
acids in samples. The probes derived from the cDNAs may be used to detect HCV nucleic acids in, for 
example, chemical synthetic reactions. They may also be used in screening programs for anti-viral agents, 
to determine the effect of the agents in inhibiting viral replication in cell culture systems, and animal model 

50 systems. The HCV polynucleotide probes are also useful in detecting viral nucleic acids in humans, and 
thus, may serve as a basis for diagnosis of HCV infections in humans. 

In addition to the above, the cDNAs provided herein provide information and a means for synthesizing 
polypeptides containing epitopes of HCV. These polypeptides are useful in detecting antibodies to HCV 
antigens. A series of immunoassays for HCV infection, based on recombinant polypeptides containing HCV 

55 epitopes are described herein, and will find commercial use in diagnosing HCV induced NANBH, in 
screening blood bank donors for HCV-caused infectious hepatitis, and also for detecting contaminated blood 
from infectious blood donors. The viral antigens will also have utility in monitoring the efficacy of anti-viral 
agents in animal model systems. In addition, the polypeptides derived from the HCV cDNAs disclosed 
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herein will have utility as vaccines for treatment of HCV infections. 

The polypeptides derived from the HCV cDNAs, besides the above stated uses, are also useful for 
raising anti-HCV antibodies. Thus, they may be used in anti-HCV vaccines. However, the antibodies 
produced as a result of immunization with the HCV polypeptides are also useful in detecting the presence 
5 of viral antigens in samples. Thus, they may be used to assay the production of HCV polypeptides in 
chemical systems. The anti-HCV antibodies may also be used to monitor the efficacy of anti-viral agents in 
screening programs where these agents are tested in tissue culture systems. They may also be used for 
passive immunotherapy, and to diagnose HCV caused NANBH by allowing the detection of viral antigen(s) 
in both blood donors and recipients. Another important use for anti-HCV antibodies is in affinity chromatog- 
70 raphy for the purification of virus and viral polypeptides. The purified virus and viral polypeptide prepara- 
tions may be used in vaccines. However, the purified virus may also be useful for the development of cell 
culture systems in which HCV replicates. 

Cell culture systems containing HCV infected cells will have many uses. They can be used for the 
relatively large scale production of HCV, which is normally a low titer virus. These systems will also be 
75 useful for an elucidation of the molecular biology of the virus, and lead to the development of anti-viral 
agents. The cell culture systems will also be useful in screening for the efficacy of antiviral agents. In 
addition, HCV permissive cell culture systems are useful for the production of attenuated strains of HCV. 

For convenience, the anti-HCV antibodies and HCV polypeptides, whether natural or recombinant, may 
be packaged into kits. 

20 The method used for isolating HCV cDIMA, which is comprised of preapring a cDNA library derived from 
infected tissue of an individual, in an expression vector, and selecting clones which produce the expression 
products which react immunologically with antibodies in antibody-containing body components from other 
infected individuals and not from non-infected individuals, may also be applicable to the isolation of cDNAs 
derived from other heretofore uncharacterized disease-associated agents which are comprised of a genomic 

25 component. This, in turn, could lead to isolation and characterization of these agents, and to diagnostic 
reagents and vaccines for these other disease-associated agents. 



Claims 

"30 

1. A purified HCV polynucleotide. 

2. A recombinant HCV polynucleotide. 

3. A recombinant polynucleotide comprising a sequence derived from an HCV genome or from HCV 
cDNA. 

35 4. A recombinant polynucleotide encoding an epitope of HCV. 

5. A recombinant vector containing the polynucleotide of claim 2, or claim 3, or claim 4. 

6. A host cell transformed with the vector of claim 5. 

7. A recombinant expression system comprising an open reading frame (ORF) of DNA derived from an 
HCV genome or from HCV cDNA, wherein the ORF is operably linked to a control sequence compatible 

40 with a desired host. 

8. A cell transformed with the recombinant expression system of claim 7. 

9. A polypeptide produced by the ceil of claim 8. 

10. Purified HCV. 

11. A preparation of polypeptides from the HCV of claim 10. 
45 12. A purified HCV polypeptide. 

13. A purified polypeptide comprising an epitope which is immunologically identifiable with an epitope 
contained in HCV. 

14. A recombinant HCV polypeptide. 

15. A recombinant polypeptide comprised of a sequence derived from an HCV genome or from HCV 
so cDNA. 

16. A recombinant polypeptide comprised of an HCV epitope. 

17. A fusion polypeptide comprised of an HCV polypeptide. 

18. A monoclonal antibody directed against an HCV epitope. 

19. A purified preparation of polyclonal antibodies directed against HCV. 

55 20. A particle which is immunogenic against HCV infection comprising a non-HCV polypeptide having 
an amino acid sequence capable of forming a particle when said sequence is produced in a eukaryotic 
host, and an HCV epitope. 

21. A polynucleotide probe for HCV. 
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22. A kit for analyzing samples for the presence of polynucleotides derived from HCV comprising a 
polynucleotide probe containing a nucleotide sequence from HCV of about 8 or more nucleotides, in a 
suitable container. 

23. A kit for analyzing samples for the presence of an HCV antigen comprising an antibody directed 
5 against the HCV antigen to be detected, in a suitable container. 

24. A kit for analyzing samples for the presence of an antibodies directed against an HCV antigen 
comprising a polypeptide containing an HCV epitope present in the HCV antigen, in a suitable container. 

25. A polypeptide comprised of an HCV epitope, attached to a solid substrate. 

26. An antibody to an HCV epitope, attached to a solid substrate. 

jo 27. A method for producing a polypeptide containing an HCV epitope comprising incubating host cells 
transformed with an expression vector containing a sequence encoding a polypeptide containing an HCV 
epitope under conditions which allow expression of said polypeptide. 

28. A polypeptide containing an HCV epitope produced by the method of claim 27. 

29. A method for detecting HCV nucleic acids in a sample comprising: 

75 (a) reacting nucleic acids of the sample with a probe for an HCV polynucleotide under conditions 

which allow the formation of a polynucleotide duplex between the probe and the HCV nucleic acid from the 
sample; and 

(b) detecting a polynucleotide duplex which contains the probe. 

30. An immunoassay for detecting an HCV antigen comprising: 

(a) incubating a sample suspected of containing an HCV antigen with a probe antibody directed 
against the HCV antigen to be detected under conditions which allow the formation of an antigen-antibody 
complex; and 

(b) detecting an antigen-antibody complex containing the probe antibody. 

31 . An immunoassay for detecting antibodies directed against an HCV antigen comprising: 

(a) incubating a sample suspected of containing anti-HCV antibodies with a probe polypeptide which 
contains an epitope of the HCV, under conditions which allow the formation of an antibody-antigen complex; 
and 

(b) detecting the antibody-antigen complex containing the probe antigen. 

32. A vaccine for treatment of HCV infection comprising an immunogenic polypeptide containing an 
HCV epitope wherein the immunogenic polypeptide is present in a pharmacologically effective dose in a 
pharmaceutically acceptable excipient 

35 33. A vaccine for treatment of HCV infection comprising inactivated HCV in a pharmacologically 
effective dose in a pharmaceutically acceptable excipient. 

34. A vaccine for treatment of HCV infection comprising attenuated HCV in a pharmacologically 
effective dose in a pharmaceutically acceptable excipient 

35. A tissue culture grown cell infected with HCV. 

40 36. The HCV infected cell of claim 35, wherein the cell is of a human macrophage cell line, or is of a 
hepatocyte cell line, or is of a mosquito cell line, or is of a tick cell line, or is of a mouse macrophage cell 
line, or is an embryonic cell. 

37. The HCV infected cell of claim 35, wherein the cell is of a cell line derived from liver of an HCV 
infected individual. 

45 38. A method for producing antibodies to HCV comprising administering to an individual an isolated 
immunogenic polypeptide containing an HCV epitope in an amount sufficient to produce an immune 
response. 

39. A method for producing antibodies to HCV comprising administering to an individual the polypeptide 
preparation of claim 11, wherein the preparation contains at least 1 immunogenic polypeptide, and the 

so administering is of an amount sufficient to produce an immune response. 

40. A method for isolating cDNA derived from the genome of an unidentified infectious agent 
comprising: 

(a) providing host cells transformed with expression vectors containing a cDNA library prepared from 
nucleic acids isolated from tissue infected with the agent and growing said host cells under conditions 

55 which allow expression of polypeptide^) encoded in the cDNA; 

(b) interacting the expression products of the cDNA with an antibody containing body component of 
an individual infected with said infectious agent under conditions which allow an immunoreaction, and 
detecting antibody-antigen complexes formed as a result of the interacting; 
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(c) growing host cells which express polypeptides that form antibody-antigen complexes in step (b) 
under conditions which allow their growth as individual clones and isolating said clones; • 

(d) growing cells from the clones of (c) under conditions which allow expression of polypeptide^) 
encoded within the cDNA, and interacting the expression products with antibody containing body compo- 

s nents of individuals other than the individual in step (a) who are infected with the infectious agent and with 
control individuals uninfected with the agent, and detecting antibody-antigen complexes formed as a result 
of the interacting; 

(e) growing host cells which express polypeptides that form antibody-antigen complexes with 
antibody containing body components of infected individuals and individuals suspected of being infected, 

w and not with said components of control individuals, under conditions which allow their growth as individual 
clones and isolating said clones; and 

(f) isolating the cDNA from the host cell clones of (e). 
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FIG. I Translation of DNA 5-1-1 

AlaSerCysLeuAsnCysSerAlaSerllelleProAspArgGluValLeuTyrArgGlu 
1 GGCCTCCTGCTTGAACTGCTCGGCGAGCATCATACCTGACAGGGAAGTCCTCTACCGAGA 
CCGGAGGACGAACTTGACGAGCCGCTCGTAGTATGGACTGTCCCTTC^GGAGATGGCTCT 

PheAspGluMetGluGluCysSerGlnHisLe^ 
61 GTTCGATGAGATGGAAGAGTGCTCTCAGC^^ 

CAAGCTACTCTACCTTCTCACGAGAGTCGTGAATGGCATGTAGCTCGTTC 

AlaGluGlnPheLysGlnLysAlaLeuGlyLeu 
121 CGCCGAGCAGTTCAAGCAGAAGGCCCTCGGCCTCC 
GCGGCTCGTCAAGTTCGTCTTCCGGGAGCCGGAGG 



FIG- 3 Translation of DNA 5-1-1, 81, 91&1-2 

GlyCysValVallleValGlyArgValValLeuSerGlyLysProAlallelleProAsp 
1 CTGGCTGCGTGGTCATAGTGGGCAGGGTCGTCTTGTCCGGGAAGCCGGCAATCATACCTG 
GACCGACGCACCAGTATCACCCGTCCCAGCAGAACAGGCCCTTCGGCCGTTAGTATGGAC 

T 

ArgGluVall^uTyrArgGluPheAspGl^ 
61 ACAGGGAAGTCCTCTACCGAGAGTTCGATGAGATGGAAGAGTGCTCTCAGCACTTACCGT 
TGTCCCTTCAGGAGATGGCTCTCAAGCTACTCTACCTTCTCACGAGAGTCGTGAATGGCA 
A 

IleGluGlnGlyMetMetLeuMaGluGlnPh^ 
121 ACATCGAGCAAGGGATGATGCTCGCCGAGCAGTTCAAGCAGT^AGGCC 

TGTAGCTCGTTCCCTACTACGAGCGGCTCGTCAAGTTCGTCTTCCGGGAGCCGGAGGACG 

ThrAlaSerArgGlnAlaGluVallleAlaProMaValGln^ 
181 AGACCGCGTCCCGTCAGGCAGAGGTTATCGCCCCTGCTGTCCAGAC 

TCTGGCGCAGGGCAGTCCGTCTCCAATAGCGGGGACGACAGGTCTGGTTGACCG 

GluThrPheTrpMaLysHisMetTrpAsnPhelleSerGlylleGlnTyrLeuAlaGly 
241 TCGAGACCTTCTGGGCGAAGCATATGTGGAACTTCATCAGTC 
AGCTCTGGAAGACCCGCTTCGTATACACCTTGAAGTAGTCAC^ 

LeuSei^ThrLeuProGlyAsnProAlalle^ 
301 GCTTGTCAACGCTGCCTGGTAACCCCGCCATTGCTTCATTGATGGCTTTTACAGCTC 

CGAACAGTTGCGACGGACCATTGGGGCGGTAACGAAGTAACTACCGAAAATGTCGACGAC 

ThrSerProLeuThrThrSerGln 
361 TCACCAGCCCACTAACCACTAGCCAAA 
AGTGGTCGGGTGATTGGTGATCGGTTT 
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FIG. 4 Translation of DNA 81 

SerGlyLysProMallelleProAspArgGluValLeu^ 
1 GTCCGGGAAGCCGGCAATCATACCTGACAGGG 

CAGGCCCTTCGGCCGTTAGTATGGACTGTCCCTTCAGGAGATGGCTCTCAAGCTACTCTA 

GluGluC^sSerGlnHisLeuProTyrlleGluGln^ 
61 GGAAGAGTGCTCTC^GCACTTACCGTAC^TCGAGCAAGGGATGATGCTCGCCGAGC^GTT 
CCTTCTCACGAGAGTCGTGAATGGCATGTAGCTCGTTCCCTACTACGAGCGGCTCGTCAA 

LysGlnLysAlaLeuGlyl^uLeuGlnThrAlaSerArgGlnAlaGluVallleAlaPro 
121 CAAGCAGAAGGCCCTCGGCCTCCTGCAGACCGCGTCCCGTCAGGCAGAGGTTATCGCCCC 
GTTCGTCTTCCGGGAGCCGGAGGACGTCTGGCGCAGGGCAGTCCGTCTCCAATAGCGGGG 

AlaValGlnThrAsnTrpGlnLysLeuGluThrPheTrpAlaLysHisMetTrpAsnPhe 
181 TGCTGTCCAGACCAACTGGCAAAAACTC^ 

ACGACAGGTCTGGTTGACCGTTTTTGAGCTCTGGAAGACCCGCTTCGTATACACCTTGAA 

IleSerGlylleGlnTyrLeuAlaGlyLexiSerThrLeuProGlyAsnProAlalleAla 
241 CATCAGTGGGATACAATACTTGGCGGGCTTGTCAACGCTGCCTGGTAACCCCG 
GTAGTC^CCCTATGTTATGAACCGCCCGAACTVGTTGCG 

SerLeuMetAlaPheThrAlaAlaValThrSerProLeuThrThrSerGln 
301 TTCATTGATGGCTTTTACAGCTGCTGTCACCAGCCCACTAACCACTAGCCAAA 
AAGTAACTACCGAAAATGTCGACGACAGTGGTCGGGTGATTGGTGATCGGTTT 



FIG. 5 Translation of DNA 36 

AspAlaHisPheteuSerGlnThrLysGlnSerGlyGluAsnLeuProTyrLeuValAla 
1 GATGCCC^CTTTCTATC^ 

CTACGGGTGAAAGATAGGGTCTGTTTCGTCTCACCCCT^ 

TyrGlnAlaThrValCysAlaArgAlaGlnAlaProProProSerTrpAspGlnMetTrp 
6 1 TACCAAGCCACCGTGTGCGCTAGGGCTCAAGCCCCTCCCCC^TCGTGGGACCAGATGTGG 
ATGGTTCGGTGGCACACGCGATCCCGAGTTCGGGGAGGGGGTAGCACCCTGGTC 

LysCysLeuIleArgLeuLysProThrLeuHisGlyProThrProLeuLeuTyrArgrieu 
121 AAGTGTTTGATTCGCCTCAAGCCCACCCTCCATGGGCCAACACCCCTGCTATA 
TTCACAAACTAAGCGGAGTTCGGGTGGGAGGTACCCGGTTC 

GlyMaValGlnAsnGluIleThrLeuThrHisProValThrLysTyrlleMetThrCys 
181 GGCGCTGTTCAGAATGAAATCACCCTGACGCACCCAGTCACCAAATACATC^ 

CCGCGACAAGTCTTACTTTAGTGGGACTGCGTGGGTCAGTGGTTTATGTAGTACTGTACG 

MetSerMaAspLeuGluValValThrSerThrTrpVall^uValGlyGlyVall^uAla 
241 ATGTCGGCCGACCTGGAGGTCGTCACGAGCACCTGGGTGCTCGTTGGCGGCGTCCTOT 

TACAGCCGGCTGGACCTCCAGCAGTGGTCGTGGACCCACGAGCAACCGCCGCAGGACCGA 



Alal^uAlaMaTyrCysI^uSerThrGlyCysValVallleValGlyArgValValLeu 
301 GCTTTGGCCGCGTATTGCCTGTCAACAGGCTGCGTGGTCATAGTC^^ 

CGAAACCGGCGCATAACGGACAGTTGTCCGACGCACCAGTATCACCCGTCCCAGCAGAAC 

Overlap with 81 

SerGlyLysProAlallelleProAspArgGluValLeuTyrArg 
361 TCCGGGAAGCCGGCAATCATACCTGACAGGGAAGTCCTCTACCGAG 
AGGCCCTTCGGCCGTTAGTATGGACTGTCCCTTCAGGAGATGGCTC 
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FIG. 6 Combined ORF of DNAs 36 & 81 



AspAlaHisPheLeuSerGlnThrLysGlnSerGlyGluAsnLeuProTyrLeuValAla 
1 GATGCCCACTTTCTATCCCAGACAAAGCAG 
CTACGGGTGAAAGATAGGGTCTGTTTCGTC 

TTrGlnMaThrValC^sAlaArgMaGlnMaProProProSerTrpAspGlnMetTrp 
61 TACC^GCCACCGTGTGCGCTAGGGCK^GCCCCTCCCCCA 

ATGGTTCGGTGGCACACGCGATCCCGAGTTCGGGGAGGGGGTAGCACCCTC 

Lys(^sLeuIleArgLeiiLysProThrLeuHisGlyProThrProLeuLeuTyrArgLeu 
121 AAGTGTTTGATTCGCCTCAAGCCCACCCTCCATGGGCCAACACCC 
TTCACAAAGTAAGCGGAGTTCGGGTGGGAGGTACCCGGTTGTC 

GlyAlaValGlnAsnGluIleThrLeuThrHisProValThrLysTyrlleMetThrCys 
181 GGCGCTGTTCAGAATGAAATCACCCTGACGCACCCAGTCACCAAATACATCATGACATGC 
CCGCGACAAGTCTTACTTTAGTGGGACTGC^ 

MetSerAlaAspI^uGluValValThrSerThrTrpValLeuValGlyGlyValLeuAla 
24 1 ATGTCGGCCGACCTGGAGGTCGTCACGAGCACCTGGGTGCTCGT 
TACAGCCGGCTGGACCTCCAGCAGTGCTCGTGGACCCACGA 

AlaLeuAlaMaTyrCysLeuSerThrGlyCysValVallleValGlyArgValVall^ 
301 GCTTTGGCCGCGTATTGCCTGTCAACAGGCTGCGTGGTCATAGTC 

CGAAACCGGCGCATAACGGACAGTTGTCCGACGCACCAGTATCACCCGTCCCAGCAGAAC 

SerGlyLysProAlallelleProAspArgGluValLeuTyrArgGluPheAspGluMet 
361 TCCGGGAAGCCGGCAATCATACCTGACAGGGAAGTCCTCTACCGAGAGTTCGATGAGATG 
AGGCCCTTCGGCCGTTAGTATGGACTGTCCCTTGAGGAGATGGCTCTCAAGC 

GluGluCysSerGlnHisLeuProTyrlleGlu^^ 
421 GAAGAGTGCTCTCAGCACTTACCGTACATCGAGCAAGGGA 
CTTCTCACGAGAGTOGTGAATGGCATGTAGCTCGTTC^ 

LysGliiLysAlateuGlyLeuLeuGlnThrAlaSerArgGlnAlaGluVallleAlaPro 
4 81 ZVAGCAGAAGGCCCTCGGCCTCCTGCAGACCGCGTCCCGTCAGGCAGAGGTTATCGCCCC^ 
TTCGTCTTCCGGGAGCCGGAGGACGTCTGGCGCAGGGCAGTC 

AlaValGlnThrAsnTrpGlnLysLe^^ 

541 gcix5tccagaccaactggcaaaaactcgagaccttctgggcx;aagcatatgtc 
cgacaggtctggttgaccgtttttgagctctggaagacccgcttc 

IleSerGlylleGlnTyrl^uMaGlyLeuSerThrLeuProGlyAsnProAlalleAla 
601 ATCAGTGGGATACAATACTTGGCGGGCTTGTCAACGCTGCCTGGT 
TAGTCACCCTATGTTATGAACKGCCCGAACAGTTGCC^^ 

SerLeuMetAlaPheThrAlaMaValThrSeyProLeuTto 
661 TCATTGATGGCTTTTACAGCTGCTGTCAC^ 

AGTAACTACCGAAAATGTCGACGACAGTCGTCGGGTC 




FIG. T Translation of DMA 32 



Overlap with 81 

PheThrAlaMaValThrSerProLe^ 
1 CTTTTACAGCTGCTGTCACCAGCCCACTAACCACTAGCCAAACCCTCCTC 
GAAAATGTCGACGACAGTGGTCGGGTGATTGGTGATCGGTO^ 

GlyGlyTrpValMaAlaGlnLeiiMaAlaProGlyAlaAlaThrMaPte 
61 TGGGGGGGTGGGTGGCTGCCCAGCTCGCCGCCCCCGGTGCCGCTACTGCCTTTGTC 

ACCCCCCCACCC^CCGACGGGTCGAGCGGCGGGGGCCACGGCGATGACGGAAACACCCGC 

GlyLeuAlaGlyMaAlalleGlySerValGlyLeuGlyLysValLeuIleAspIleLeu 
121 CTGGCTTAGCTGGCGCCGCCATCGGCAGTGTTGGACTGGGGAAGGTCCTCATAGACATCC 
GACCGAATCGACCGCGGCGGTAGCCGTCACAACCTGACCCCTTCCAGGAGTATCTGTAGG 

AlaGlyTyrGlyMaGlyValMaGlyAlal^uValAlaPheLysIleMetSerGlyGlu 
181 TTGCAGGGTATGGCGCGGGCGTGGCGGGAGCTCTTGTGGCATTCAAGATCATGAGCGGTG 
AACGTCCCATACCGCGCCCGCACCGCCCTCGAGAAGACCGTAAGTTCTAGTACTCGCCAC 

ValProSer^hrGluAspLeuValAsnLeuLeuProAlalleLeuSerProGlyAlal^ 
241 AGGTCCCCTCCACGGAGGACCTGGTCAATCTACTGCCCGCCATCCTCTCGCCCGGAGCCC 
TCCAGGGGAGGTGCCTCCTGGACCAGTTAGATGACGGGCGGTAGGAGAGCGGGCCTCGGG 

ValValGlyValValCysAlaAlalleLeuArgArgHisValGlyProGlyGluGlyAla 
301 TCGTAGTCGGCGTCGTCTGTGCAGCAATACTGCGCCGGCACGTTG^ 

AGCATCAGCCGCACCAGACACGTCGTTATGACGCGGCCGTGC^VACCGGGCCCGCTCCCCC 

ValGlnTrpMetAsnArgLeuIleAlaPheAlaSerArgGlyAsnHisValSer 
361 CAGTGCAGTGGATGAACCGGCTGATAGCCTTCGCCTCCCGGGGGAACCATGTTTCCCC 
GTCACGTCACCTACTTGGCCGACTATCGGAAGCGGAGGGCCCCCTTGGTACAAAGGGG 
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FIG. 8 Translation of DNA 35 

SerlleGluThrlleThrLeuProGlnAspMaValSerArgThrGlnArgArgGlyArg 
1 TCCATTGAGACAATCACGCTCCCCCAGGATGCTCTC 

AGGTAACTCTGTTAGTGCGAGGGGGTCCTACGACAGAGGGCGTC 

ThrGlyArgGlyLysProGlylleTyrArgPheValAlaProGlyGluArgProSerGly 
61 ACTGGCAGGGGGAAGCCAGGCATCTACAGATTTGTGGC^ 

TGACCGTCCCCCTTCGGTCCGTAGATGTCTAAACACCGTGGCCCCCTCGCGGGGAGGCCG 

MetPheAspSerSerValLeuCysGluC^sTyrA^^ 
121 ATGTTCGACTCGTCCGTCCTCTGTGAGTGCTATGACGCAGGCTGTGCTTGGTATGAGCTC 
TACAAGCTGAGCAGGCAGGAGACACTCACGATACTGCGTCCGACACGAACCATACTC 

ThrProAlaGluThrThrValArgLeuArgAlaTyrMetAsnThrProGlyLeuP 
181 ACGCCCGCCGAGACTACAGTTAGGCTACGAGCGTACATGAACACCCCGGGGCTTCCCGTG 
TGCGGGCGGCTCTGATGTCAATCCGATGCTCGCATGTACTTGTGGGGCCCCGAAGGGCAC 



(^sGlnAspHisLeuGluPheTrpGluGlyValPheThrGlyLeuThrHisIleAspAla 
241 TGCCAGGACCATCTTGAATTTTGGG^ 

ACGGTCCTGGTAGAACTTAAAACCCTCCCGCAGAAATGTCCGGAGTGAGTATATCTACGG 



HisPheLeuSerGlnThrLysGlnSerGlyGluAsnte^ 
301 CACTTTCTATCCCAGACAAAGCAGAGTGGGGAGAACCTTCCTTACCTGGTAGCGTACCAA 
GTGAAAGATAGGGTCTGTTTCGTCTCACCCCTCTTGGAAGGAATGGAC 

Overlap with 36 

MaThrVal(^sMaArgAlaGlnMaProProPro^ 
361 GCCACCGTGTGOXITAGGGCTCAAGCra 

CGGTGGCACACGCGATCCCGAGTTCGGGGAGGGGGTAGCACC^ 



LeuIleArgLeuLysProThrLeuHisGlyPr^^ 
421 TTGATTCGCCTCAAGCCCACCCTCCATGGGCCAACACCCCTGCTATACAGACTGGGCGCT 
AACTAAGCGGAGTTCGGGTCGGAGGTACCCGGTTGTGGGGACGATATGTCTGACCCGCGA 
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FIG. 9" I Combined ORF of DNAs 35,36,81 & 32 

SerlleGluThrlleThrl^uProGlnAspAlaValSerArgThrGlnArgArgGlyArg 
1 TCCATTGAGACAATCACGCTCCCCCAGGATGCTGTCTCCCGCACTCAACGTCGGGGCAGG 
AGGTAACTCTGTTAGTGCGAGGGGGTCCTACGACAGAGGGCGTGAGTTGCAGCCCCGTCC 

ThrGlyArgGlyLysProGlylleTyrArgPheValAlaProGlyGluArgProSerGly 
61 ACTGGCAGGGGGAAGCCAGGCATCTACAGATTTGTGGCACCGGGGGAGCGCCCCTCCGGC 
TGACCGTCCCCCTTCGGTCCGTAGATGTCTAAACACCGTGGCCCCCTCGCGGGGAGGCCG 

MetPheAspSerSerValLeuCysGluCysTyrAspAlaGlyCysAlaTrpTyrGluLeu 
121 ATGTTCGACTCGTCCGTCCTCTGTGAGTGCTATGACGCAGGCTGTGCTTGGTATGAGCTC 
TACAAGCTGAGCAGGCAGGAGACACTCACGATACTGCGTCCGACACGAACCATACTC 

ThrProAlaGluThrThrValArgLeuArgAlaTyrMetAsnThrProGlyLeuProVal 
181 ACGCCCGCCGAGACTACAGTTAGGCTACGAGCGTACATGAACACCCCGGGGCTTCCCGTG 
TGCGGGCGGCTCTGATGTCAATCCGATGCTCGCATGTACTTGTGGGGCCCCGAAGGGCAC 

CysGlnAspHisLeuGluPheTrpGluGlyValPheThrGlyLeuTlirHisIleAspAla 
241 TGCCAGGACCATCTTGAATTTTGGGAGGGCGTCTTTACAGGCCTCACTCATATAGATGCC 
ACGGTCCTGGTAGAACTTAAAACCCTCCCGCAGAAATGTCCGGAGTGAGTATATCTACGG 

HisPheLeuSerGlnThrLysGlnSerGlyGluAsn^ 
301 CACTTTCTATCCCAGACAAAGCAGAGTGGGGAGAACCTTCCTTACCTGGTAGCGTACCAA 
GTGAAAGATAGGGTCTGTTTCGTCTCACCCCTCTTGGAAGGAATK 

AlaThrValCysAlaArgAlaGlnAlaProProProSerTrpAspGlnMetTrpLysCys 
361 GCCACCGTGTGCGCTAGGGCTCAAGCCCCTCCCCCATCGTGGGACCAGATGTGGAAGTGT 
CGGTGGCACACGCGATCCCGAGTTCGGGGAGGGGGTAGCACCCTGGTCTACACCTTCACA 

LeulleArgteuLysProThrLeuHisGlyProThrProLeuLeuTyrArgLeuGlyAla 
421 TTGATTCGCCTCAAGCCCACCCTCCATGGGCCAACACCCCTGCTATACAGACTGGGCGCT 
AACTAAGCGGAGTTCGGGTGGGAGGTACCCGGTTGTGGGGACGATATGTCTGACCCGCGA 

ValGlnAsnGluIleThrLeuThrHisProValThrLysTyrlleMetThrCysMetSer 
481 GTTCAGAATGAAATCACCCTGACGCACCCAGTCACCAAATACATCATGACATGCATGTCG 
CAAGTCTTACTTTAGTGGGACTGCGTGGGTCAGTGGTTTATGTAGTACTC 

AlaAspLeuGluValValThrSerThrTrpVall^uV^ 
54 1 GCCGACCTGGAGGTCGTCACGAGCACCTGGGTGCTCGTTGGCGGCGTCCTGGCTGCTTTG 
CGGCTGGACCTCCAGCAGTGCTCGTGGACCCACGAGCAACCGCCGCAGGACCGAC^ 

AlaAlaTyrCysLeuSerThrGlyCysValVallleValGlyArgValValLeuSerGly 
601 GCCGCGTATTGCCTGTCAACAGGCTGCGTGGTCATM 

CGGCGCATAACGGACAGTTGTCCGACGCACQU3TATCACCCGTC^ 

LysProAlallelleProAspArgGluValLeuTyrArgGluPheAspGluMetGluGlu 
661 AAGCCGGCAATCATACCTGACAGGGAAGTCCTCTACCGAGAGTTCGATGAGATGGAAGAG 
TTCGGCCGTTAGTATGGACTGTCCCTTCAGGAGATGGCTCTCAAG 

CysSerGlnHisI^uProTyrlleGluGlnGly^ 
721 TGCXCXCAGCACTTACCGTACATCGAGCAAGGGATGATGCTCGCGGAGCAGTTCAAGCAG 
ACGAGAGTCGTGAATGGCATGTAGCTCGTOCCCTACTACGAG 

LysAlaLeuGlyl^uLeuGlnThrAlaSerArgGlnAlaGluVaaileAlaProAlaVal 
781 AAGGCCCTCGGCCTCCTGCAGACCGCGTCCCGTCAGGCAGAGGTTATCGCCCCTC 
TTCCGGGAGCCGGAGGACGTCTGGCGCAGGGCAGTCCGTCTC 
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GTCTGGTTGACCGTTTTTGAGCTCTGGAAGACCCGCTTCGTATACACCTTGAAGTAGTCA 



901 



5iX IleGln ^ Lei ^ laG1 y LeuSerThrLeu Pi"oGlyAsnProAlaIleAlaSerLeu 
G^ATACAATACTTGGCGGGCTTGTCAACGCTGCCTGGTAACCCCGCCATTGCTTCATTG 
CCCTATGTTATGAACCGCCCGAACAGTTGCGACGGACCATTGGGGCGGTAACGAAGTAAC 

MetJVlaPheThrAlaAlaValThrSerProI^uThrThrSerGlnThrl^uLeuPheAsn 
961 ATGGCTTTTACAG C TGCTGTCACCAGCC CACTAACCAC TAGCCAAACCCTCCTCTTCAAC 

TACCGAAAATGTCGACGACAGTGGTCGGGTGATTGGTGATCGGTTTGGGAGGAGAAGTTG 

, M , Ilel^uGlyGlyTrpValAlaAlaGliiLeuAlaAlaProGlyAlaAlaThrAlaPheVal 
1021 ATATTGGGGGGGTGGGTGGCTGCCCAGCTCGCCGCCCCCGGTGCCGCTACTGCCTTTGTG 
TATAACCCCCCCACCCACCGACGGGTCGAGCGGCGGGGGCCACGGCGATGACGGAAACAC 

, nnl 5 lyMaGlyte ^ aG1 y AlaAlaIleG1 y SerValG1 yI«uG3-yl'ysValLeuIleAsp 
1081 GGCGCTGGCTTAGCTGGCGCCGCCATCGGCAGTGTTGGACTGGGGAAGGTCCTCATAGAC 
CCGCGACCGAATCGACCGCGGCGGTAGCCGTCACAACCTGACCCCTTCCAGGAGTATCTG 

? ^|«^aGlyTyrGlyMaGlyValMaGlyAlaLeuValAlaPheLysIleMetSer 
1141 ATCCTTGCAGGGTATGGCGCGGGCGTGGCGGGAGCTCTTGTGGCATTCAAGATCATGAGC 
TAGGAACGTCCCATACCGCGCCCGCACCGCCCTCGAGAACACCGTAAGTTCTAGTACTCG 

, , GlyGluValProSerThrGluAspLeuValAsnLeuLeuProAlalleLeuSerProGlv 
1201 GGTGAGGTCCCCTCCACGGAGGACCIX^TCAATCTACTGCCCGCCATCCTCTCGCCCGGA 
CCACTCCAGGGGAGGTGCCTCCTGGACCAGTTAGATGACGGGCGGTAGGAGAGCGGGCCT 

i •>«-. Jf ValValG:L y ValVal CysAlaAlaIleLeuArgArgHisValGlyProGlyGlu 
1261 GCCCTCGTAGTCGGCGTGGTCTGTGCAGCAATACTGCGCCGGCACGTTGGCCCGGGCGAG 
CGGGAGCATCAGCCGCACCAGACACGTCGTTATGACGCGGCCGTGCAACCGGGCCCGCTC 

i «i ^^^^^P^^^^LeuIleAlaPheAlaSerArgGlyAsnHisValSer 
1321 GGGGCAGTGaVGTGGATGAACCGGCTGATAGCCTTCGCCTCCCGGGGGJUVCCATGTTTCCCC 
CCCCGTCACGTCACCTACTTGGCCGACTATCGGAAGCGGAGGGCCCCCTTGGTACAMGGGG 

FIG. 9-2 
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FIG. 10 Translation of DNA 37b 

LeuMaAlaLysLeuValAlal^uGlylleAsnMaValMaTyxTyrArgGlyLeu^ 
1 CTCGCCGCAAAGCTGGTCGCATTGGGCATCAATGCCGTGGCCTACTACCGCGGTCTTGAC 
GAGCGGCGTTTCGACCAGCGTAACCCGTAGTTACGGCACCGGATGATGGCGCCAGAACTG 

ValSerVallleProThrSerGlyAspValValValValAlaThrAspAlaLeuMetThr 
6 1 GTGTCCGTCATCCCGACCAGCGGCGATGTTGTCGTCGTGGCAACCGATGCCCTCATGACC 
CACAGGCAGTAGGGCTGGTCGCCGCTACAACAGCAGCACCGTTGGCTACGGGAGTA 

GlyTyrThrGlyAspPheAspSerVallleAspTyrAsnThrCysValThrGlnThrVal 
121 GGCTATACCGGCGACTTCGACTCGGTGATAGACTAC^TACGTGTGTCACCCAGACAGTC 
CCGATATGGCCGCTGAAGCTGAGCCACTATCTGATGTTATGCACACAGTGGGTCTGTCAG 



Overlap with 

AspPheSerl^uAspProThrPheThrlleGluThrlleThrLeuProGlnAspAlaVal 
181 GATTTCAGCCTTGACCCTACCTTCACG 

CTAAAGTCGGAACTGGGATGGAAGTGGTAACTCTGTTAGTGCGAGGGGGTCCTACGACAG 



clone 35- 



SerArgThrGlnArgArgGlyArgThr 
24 1 TCCCGCACTCAACGTCGGGGCAGGACTG 
AGGGCGTGAGTTGCAGCCCCGTCCTGAC 



FIG. 1 1 Translation of DNA 33b 
-Overlap with 32- 




CTACTTGGCCGACTATCGGAAGCGGAGGGCCCCCTTGGTACAAAGGGGGTGCGTGATGCA 



ProGluSerAspAlaAlaAlaArgValThrAlalleLeuSerSerLeuThrValThrGln 
61 GCCGGAGAGCGATGCAGCTGCCCGCGTCACTGCCATACTCAGCAGCCTCACTGTAACCCA 
CGGCCTCTCGCTACGTCGACGGGCGCAGTGACGGTATGAGTCGTCGGAGTGACATTGGGT 

I^uLeiiArgArgLeuHisGlnTrpIleSerSerGluCysThrThrProCysSerGlvSer 
121 GCTCCTGAGGCGACTGCACCAGTGGATAAGCTCGGAGTGTACCACTCCATGCTCCGGTTC 
CGAGGACTCCGCTGACGTGGTCACCTATTCGAGCCTCACATGGTGAGGTACGAGGCCAAG 

^pLeuArgAspIleTrpAspTrpIleCysGluValLeuSerAspPheLysThrTrpLeu 
181 CTGGCTAAGGGACATCTGGGACTGGATATGCGAGGTGTTGAGCGACTTTAAGACCTGGCT 
GACCGATTCCCTGTAGACCCTGACCTATACGCTCCACAACTCGCTGAAATTCTGGACCGA 

_ , ^pAlaLysLeuMetProGlnLeuProGlylleProPheValSerCysGlnArgGlyTyr 
241 AAAAGCTAAGCTCATGCCACAGCTGCCTGGGATCCCCTTTGTGTCCTGCCAGCGCGGGTA 
TTTTCX3ATTCGAGTACGGTGTCGACGGACCCTAGGGGAAACACAGGACGGTCGCGCCCAT 

LysGlyValTrpArgVal 
301 TAAGGGGGTCTGGCGAGTG 
ATTCCCCCAGACCGCTCAC 
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FIG. I 2 Translation of DMA 40b 

AlaTyrMet^erLysAlaHisGlylleAspProAsnlleArgThrGlyValArgThrlle 
1 GGC1TACATGTCCAAGGCT<^TGGGATCGATCCTAACATCA 

CCGAATGTACAGGTTCCGAGTACCCTAGCTAGGATTGTAGTCCTGGCCCCACTCTTGTTA 

ThrThrGlySerProIleThrTyrSe^ 
61 TACCACTGGCAGCCCCATCACGTACTCCACCTACGGCAAGTTCCTTGCCGACGGCGGGTG 
ATGGTGACCGTCGGGGTAGTGCATGAGGTGGATGCCGTTCAAGGAACGGCTGCCGCCCAC 

SerGlyGlyAlaTyrAspIlellelleCysAspGluCysHisSexThrAspAlaThrSer 
121 CTCGGGGGGCGCTTATGACATAATAATTTGTGACGAGTGCCACTCCACGGATGGCACATC 
GAGCCCCCCGCGAATACTGTATTATTAAACACTGCTCACGGTGAGGTGCCTACGGTGTAG 

IleLeuGlylleGlyThrValLeiiAspGlnAlaGluThrAlaGlyAlaArgLeuValVal 
181 CATCTTGGGCATCGGCACTGTCCTTGACCAAGCAGAGACTGCGGGGGCGAGACTGGTTGT 
GTAGAACCCGTAGCCGTGACAGGAACTGGTTCGTCTCTGACGCCCCCGCTCTGACCAACA 

LeuAlaThrAlaThrProProGlySerValThrValProHisProAsnlleGluGluVal 
241 GCTCGCCACCGCCACCCCTCCGGGCTCCGTCACTGTGCCCCATCCCAACATCGAGGAGGT 
CGAGCGGTGGCGGTGGGGAGGCCCGAGGCAGTGACACGGGGTAGGGTTGTAGCTCCTCCA 

AlaLeuSerThrThrGlyGluIleProPheTyrGlyLysAlalleProLeuGluVallle 
301 TGCTCTGTCCACCACCGGAGAGATCCCTTTOTACGGC^AGGCTATCCCCCTCGAAGTAAT 
ACGAGACAGGTGGTGGCCTCTCTAGGGAAAAATGCCGTTCCGATAGGGGGAGCTTCATTA 



LysGlyGlyArgHisLeuIlePheCysHisSerLysLysLysCysAspGluLeuAlaAla 
361 CAAGGGGGGGAGACATCTCATCTTCTGTCATTCAAAGAAGAAGTGCGACGAACTCGCCGC 
GTTCCCCCCCTCTGTAGAGTAGAAGACAGTAAGTTTCTTCTTCACGCTGCTTGAGCGGCG 

Overlap with 37b 

LysLeuValAlal^uGlylleAsnAlaValAlaTyrTyrArgGlyLeuAspValSerVal 
421 AAAGCTGGTCGCATTGGGCATCAATGCCGTGGCCTACTACCGCGGTCTTGACGTGTCCGT 
TTTCGACCAGCGTAACCCGTAGTTACGGCACCGGATGATGGCGCCAGAACTGCACAGGCA 



IleProThr 
481 CATCCCGACCAG 
GTAGGGCTGGTC 
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FIG. 13 Translation of DNA 25c 



C^sSerl^uThrValThrGlnl^uLeuArgArgr^uHisGlnTrpIleSerSerGluCys 
1 ACTGCAGCCTCACTGTAACC(^GCTCCTGAGGCGACTGCACCAGTGGATAAGCTCGGAGT 
TGACGTCGGAGTGACATTGGGTCGAGGACTCCGCTGACGTGGTCACCTATTCGAGCCTCA 



ThrThrProCysSerGlySerTrpI^uArgAspI^ 
61 GTACCACTCCATGCTCCGGTTCCTGGCTAAGGGACATCTGGGACTGGATATGCGAGGTGT 
CATGGTCAGGTACGAGGCCAAGGACCGATTCCCTGTAGACCCTGACCTATACGCTCCACA 

Overlap with 33b 

SerAspPheLysThrTrpI^uLysAlaLysI^iaMetPrc^lnLeuProGlylleProPhe 
121 TGAG(^ACTTTAAGACCTGGCTAAAAGCTAAGCTCATGCCA(^GCTGCCTGGGATCCCC^ 
ACTCGCTGAAATTCTGGACCGATTTTCGATTCGAGTACGGTGTCGACGGACCCTAGGGGA 



ValSerCysGlnArgGlyTyrLysGlyValTrpArgGlyAspGlylleMetHisThrArg 
181 TTGTGTCCTGCCAGCGCGGGTATAAGGGGGTCTGGCGAGGGGACGGCATCATGCACACTC 
AACACAGGACGGTCGCGCCCATATTCCCCCAGACCGCTCCCCTGCCGTAGTACGTGTGAG 

CysHisCysGlyAlaGluIleThrGlyHisValLysAsnGlyThrMetArglleValGly 
241 GCTGCCACTGTGGAGCTGAGATCACTGGACATGTCAAAAACGGGACGATGAGGATCGTCG 
CGACGGTGACACCTCGACTCTAGTGACCTGTACAGTTTTTGCCCTGCTACTCCTAGCAGC 

ProArgThrCysArgAsnMetTrpSerGlyThrPheProIleAsnAlaTyr^ 
301 GTCCTAGGACCTGCAGGAACATGTGGAGTGGGACCTTCCCCATTAATGCCTACACCACGG 
CAGGATCCTGGACGTCCTTGTACACCTCACCCTGGAAGGGGTAATTACGGATGTGGTGCC 

PrcKZysThrProLeuProAlaProAsnTyrThrPheAlaLeuTrpArgValSerAlaGlu 
361 GCCCCTGTACCCCCCTTCCTGCGCCGAACTACACGTTCGCGCTATGGAGGGTGTCTGCAG 
CGGGGACATGGGGGGAAGGACGCGGCTTGATGTGCAAGCGCGATACCTCCCACAGACGTC 

GluO^ValGluIleArgGlnValGlyAspPheHisTyrValThrGlyMetThrThrAsp 
4 21 AGGAATATGTGGAGATAAGGCAGGTGGGGGACTTCCACTACGTGACGGGTATGACTACTG 
TCCTTATACACCTCTATTCCGTCCACCCCCTGAAGGTGATGCACTGCCCATACTGATGAC 

AsnLeuLysCysProCysGlnValProSerProGluPhePheThrGlu 
481 ACAATCTCAAATGCCCGTGCCAGGTCCCATCGCCCGAATTTTTCACAGAAT 
TGTTAGAGTTTACGGGCACGGTCCAGGGTAGCGGGCTTAAAAAGTGTCTTA 
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FIG. I 4— I Combined ORF of DMAs 40b/37b/35/36/81/32/33b/25c 

AlaTyrMetSerLysMaHisGlylleAspProA^ 
1 TGCTTACATGTCCAAGGCTCATGGGATCGATCCTAACATC 

A(XAATGTACAGGTTCCGAGTACCCTAGCTAGGATTGTAGTCCTGGCCCCACTCTTGTTA 

ThrThrGlySerProIleThrTyrSerThrTyrGlyLysPte 
61 TACCACTCGCAGCCCCATCACGTACTCCACCTACGGCAAGTTCCTTGCCGACGGCGGGTG 
ATGGTGACCGTCGGGGTAGTGCATGAGGTGGATGCCGTTCAAGGAACGGCTGCCGCCCAC 

SerGlyGlyAlaTyrAspIlellelleCysAspGluCysHisSerThrAspAlaThrSer 
121 CTCGGGGGGCGCTTATGACATAATAATTTC 

GAGCCCCCCGCGAATACTGTATTATTAAACACTGCT^ 

IleLeuGlylleGlyllirValLeuAspGl^ 
181 CATCTTGGGCATCGGCACTGTCCTTGACCAAGCAGAGACTGCGGGGGCGAGACTG 
GTAGAACCCGTAGCCGTGACAGGAACTGGTTCGTCTC 

LeuAlaThrAlaThrProProGlySerValThrValProHisProAsnlleGluGluVal 
241 Gt^GCCACCGCCACCCCTCTOGGCTCCGT^^ 

CGAGCGGTGGCGGTGGGGAGGCCCGAGGCAGTGACACGGGGTAGGGTTGTAGCTCCTCCA 

Mal^uSerThrThrGlyGluIleProPheTyrGlyLysAlalleProLeuGluVallle 
301 TGCTCTGTCCACCACCGGAGAGATCCCTTTTTACGGCAAGGCTATCCCCCTCGAAGT 

ACGAGACAGGTGGTGGCCTCTCTAGGGAAAAATGCCGTTCCGATAGGGGGAGCTTCATTA 

LysGlyGlyArgHisLeuIlePheCysHisSerLysLysLysC^sAspGluLeuAlaAla 
361 CAAGGGGGGGAGACATCTCATCTTCTGTCATTCAAAGAAGAAG 

GTTCCCCCCCTCTGTAGAGTAGAAGACAGTAAGTTTCTTCTTCACGCTGCTTGAGCGGC^ 

LysLeuValAlaLeuGlylleAsnAlaValAlaTyrTyrArgGlyLeuAspValSerVal 
421 AAAGCTGGTCGCATTGGGCATCAATGCCGTGGCCTACTACCGCGGTCTTGACGTGTCCGT 
TTTCGACCAGCGTAACCCGTAGTTACGGCACCGGATGATGGCGCCAGAACTGCACAGGCA 

IleProThrSerGlyAspValValValValMaThrAspAlal^uMetThrGlyTyrThr 
481 CATCCCGACCAGCGGCGATGTTGTCGTCGTGGCAACCGATGCCCTCATGACCGGCTATAC 
GTAGGGCTGGTCGCCGCTACAACAG(^GCACCGTTGGCTACGGGAGTACTGGCCGATATG 

GlyAspPheAspSerVallleAspTyrAsnThrCysValThrGlnThrValAspPheSer. 
541 CGGCX5ACTTCGACTCGGTGATAGACTACAATACGTGTGTCACC 
GC(XCTGAAGCTGAGCCACTATCTGATCTTATGC 

I^uAspProThrPheThrlleGluThrlleThrLeuProGlnAspAlaValSerArgThr 
601 CCTTGACCCTACCTTCACCATTGAGACAATCACGCTCCCCCAGGATGCTGTCTC 

GGAACTGGGATGGAAGTGGTAACTCTGTTAGTGCGAGGGGGTCCTACGACAGAGGGCGTG 

GlnArgArgGlyArgThrGlyArgGlyLysPr^ 
661 TCAACGTOTGGGCAGGACTGGCAGGGGGAAGCCAGGCATCTACAGATTTGT^ 

AGTTGCAGCCCCGTCCTGACCGTCCCCCTTCGGTCCGTAGATGTCTAAACACCGTGGCCC 

GluArgProSerGlyMetPheAspSerSerValLeuCysGluC^sTyrAspAlaGlyC 
721 GGAGCGCCCCTCCGGCATGTTCGACTCGTCCGTCCTCTGTGAGTGCTATGACGCAGGCTG 
CCTCGCGGGGAGGCCGTACAAGCTGAGCAGGCAGGAGACACTCACGATACTGCGTCCGAC 

MaTrpTyrGluI^uThrProMaGluThrThrValArgl^uArgM 
781 TGCTTGGTATGAGCTCACGCCCGCCGAGACTACAGTTAGGCTACGAGCGTACATC 
ACGAACCATACTCGAGTGCX5GGCGGCTCTGATGTCAATCCG 

ProGlyLeuProValCysGlnAspHisLeuGluPheT^ 
841 CCCGGGGCTTCCCGTGTGCCAGGACCATCTTGAATTTTGGGAGGGCGTOT 

GGGCCCCGAAGGGCACACGGTCCTGGTAGAACTTAAAACCCTCCCGC^GAAATGTC 

ThrHisIleAspAlaHisPhel^uSeiGlnThrLysGln^^^ 
901 CACTCATATAGATGCCCACTTTCTATCCCAGACAAAGC^ 

GTGAGTATATCTACGGGTGAAAGATAGGGTCTGTTTCGTCTCACC 
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LeuValAlaTyrGlnMaThrValC^ 
961 CCTGGTAGCGTACCAAGCCACCGTGTGCGCTAGGGCTCAAGCCCCTCCCCCATCGTC 
GGACCATCGCATGGTTCGGTGGCACACGCGATC^ 

GlnMetTrpLysCysLeuIleArgLeuLysPro^ 
1021 CCAGATGTGGAAGTGTTTGATTCGCCTCAAGCCCACCCTC 

GGTCTACACCTTCACAAACTAAGCGGAGTTCGGGTGGGAGGra 

TyrArgteuGlyAlaValGlnAsnGluIleThrLeuThrHisProValThrLysTyrlle 
1081 ATACAGACTGGGCGCTGTTCAGAATGAAATCACCCTGACGCACC 
TATGTCTGACCCGCGACAAGTCTTACTTTAGTGGGACTC 

MetThrC^sMetSerAlaAspLeuGluValValThrSerThrTrpValLeuValG 
1141 (^TGACATGCATGTCGGCCGACCTGGAGGTCGT^ 

GTACTGTACGTACAGCCGGCTGGACCTCCAGCAGTGCTCGTGGACCCACGAGCAACCGCC 

Vall^uAlaAlal^uAlaMaTyr^ 
1201 CGTCCTGGCTGCTTTGGCCGCGTATTGCCTGTCAACAGGCTC 

GCAGGACCGACGAAACCGGCGCATAACGGACAGTTGTCCGACGCACCAGTATC^ 

ValValLeuSerGlyLysProAlallelleProAspArgGluValLeuTyrArgGluPhe 
1261 GGTCGTCTTGTCCGGGAAGCCGGCAATC^TACCTGACAGGGAAGTCCTCTACCGAGAGTT 
CCAGCAGAACAGGCCCTTCGGCCGTTAGTATGGACTGTCCCTTCAGGAGATGGCTCTCAA 

AspGl\iMetGluGlu(^sSerGlnHisLeuProTyrIleGIuGlnGlytIetMetI^uMa 
1321 CGATGAGATGGAAGAGTGCTCTCAGCACTTACCGTACATCGAGCAAGGGATGATGCTCGC 
GCTACTCTACCTTCTCACGAGAGTCGTGAATGGCATGTAGCTCGTTCCCTACTACGAGCG 

GluGlnPheLysGlnLysMaLeuGlyteuLeuGlnThrAlaSerArgGlnAlaGluVal 
1381 CGAGCAGTTCAAGCAGAAGGCCCTCGGCCTCCTGCAGACCGCGTCCCGTCAGGCAGAGGT 
GCTCGTCAAGTTCGTCTTCCGGGAGCCGGAGGACGTCTGGCGCAGGGCAGTCCGTCTCCA 

IleAlaProMaValGlnThrAsnTrpGlnLysLeuGluThrPheTrpAlaLysHisMet 
144 1 TATCGCCCCTGCTGTCCAGACCAACTGGCAAAAACTCGAGACCTTCTGGGCGAAGCATAT 
ATAGCGGGGACGACAGGTCTGGTTGACCGTTTTTGAGCTC 

TrpAsnPhelleSerGlylleGlnTyrLexiMaGlyl^uSerThrLeuProGlyAsnPro 
1501 GTGGAACTTCATCAGTGGGATACAATACTTGGCGGGCTTGTCAACGCTGCCTGGTAACCC 
CACCTTGAAGTAGTCACCCTATGTTATGAACCGCCCGAACAGTTGCGACGGACCATT^ 

MalleAlaSerl^uMetMaPheThrAlaMaValThrSerProLeuThrThrSerGln 
1561 CGCCATTGCTTGATTGATGGCTTTTAC 

GCGGTAACGAAGTAACTACCGAAAATGTCGACGAC^TGGTCGGGTGATTGGTGATCGGT 

Thrl^uLeuPheAsnlleLeuGlyGlyTrpValAlaAlaGlnl^uAlaAlaProGlyAla 
1621 AACCCTCCTCTTCAACATATTGGGGGGGTGGGTGGCTGCCCAGCTCGCCGCCCC 

TTGGGAGGAGAAGTTGTATAACCCCCCCACCCACCGACGGGTCGAGCGGCGGGGGCCACG 

AlaThrAlaPheValGlyAlaGlyLeuAlaGlyAlaAlalleGlySerValGlyLeuGly 
1681 CGCTACTGCCTTTGTGGGCGCTGGCTTAGCTGGCGCCGCCATCGGCAGTC 

GCGATGACGGAAACACCCGCGACCGAATCGACCGCGGCGGTAGCCGTCACAACCTGACCC 

LysValLeuIleAspIleLeuAlaGlyTyrGlyAlaGlyValAlaGlyAlaLeuValAla 
1741 GAAGGTCCTC^TAGAC^TCCTTGCAGGGTATGGCGCGGGCGTGGCGGGAGCTCTTGTGGC * 
CTTCCAGGAGTATCTGTAGGAAOGTCCCATACCGCGCCCGCACCGCCCTCGAGAACAC^ 

PheLysIleMetSerGlyGluValProSerThrt 
1801 ATTCAAGATCATGAGCGGTGAGGTCCCCTCCACGGAGGACCTGGTCAATC 

TAAGTTCTAGTACTCGCCACTCCAGGGGAGGTGCCTCCTGGAC(^TTAGATGACGGGCG 

IleLeuSerProGlyAlaLeuValValGlyValValCysAlaAlalleLeuArgArgHis 
1861 CATCCTCTCGCCCGGAGCCCTCGTAGTCGGCGTGGTCTGTC 

GTAGGAGAGCGGGCCTCGGGAGCATCAGCCGCACCAGACACGTC^ 

FIG. 14 

^^ValGlyProGlyGluGlyAlaValGlnTrpMetAsnArgLeuIleAlaPheAlaSerArg 
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1921 CGTTGGCCCGGGCGAGGGGGCAGTGCAGTGGATGAACCGGCTGATAGCCTTCGCCTCCCG 
GCAACCGGGCCCGCTCCCCCGTCACGTCACCTACTTGGCCGACTATCGGAAGCGGAGGG^ 

GlyAsnHisValSerProThrHisTyrValProGluSerAspAlaAlaAlaArgValThr 
1981 GGGGAACCATGTTTCCCCCACGCACTACX3TGCCGGAGAGCGATGCAGCTGCCCGCGTCAC 
CCCCTTGGTACAAAGGGGGTGCGTGATGCACGGCCTCTCGCTACGTCGACGGGCGCAGTG 

Mallel^uSerSerl^uThrValThrGlnlieuI^uArgArgLeuHisGlnTrpIleSer 
2041 TGCCATACTCAGCAGCCTCACTGTAACCCAGCTCCTGAGGCGACTGCACCAGTGGATAAG 
ACGGTATGAGTCGTCGGAGIX^CATTGGGTCGAGGACTCCGCTGACGTGGTCACCTATTC 

SerGluCysThrThrProCysSerGlySerTrpLeuArgAsplleTrpAspTrpIl 
2101 CTCGGAGTGTACCACTCCATGCTCCGGTTCCTGGCTAAGGGACATCTGGGACTGGATATC 
GAGCCTCACATGGTGAGGTACGAGGCCAAGGACCGATTCCCTGTAGACCCTGACCTATAC 

GluVall^uSerAspPheLysThrTrpLeuLysAlaLysLeuMetProGlnLeuProGly 
2161 CGAGGTGTTGAGCGACTTTAAGACCTGGCTAAAAGCTAAGCTCATGCCACAGCTGCC 

GCTCCACAACTCGCTGAAATTCTGGACCGATTTTCGATTCGAGTACGGTGTCGACGGACC 

IleProPheValSerCysGlnArgGlyTyrLysGlyValTrpArgValAspGlylleMet 
2221 GATCCCCTTTGTGTCCTGCCAGCGCGGGTATAAGGGGGTCTGGCGAGTGGACGGCATCAT 
CTAGGGGAAACACAGGACGGTCGCGCCCATATTCCCCCAGACCGCTCACCTGCCGTAGTA 

HisThrArgCysHisCysGlyMaGluIleThrGlyHisValLysAsnGlyThrMetArg 
2281 GCACACTCGCTGCCACTGTGGAGCTGAGATCACTGGACATGTCAAAAACGGGACGATGAG 
CGTGTGAGCGACGGTGACACCTCGACTCTAGTGACCTGTACAGTTTTTGCCCTGCTACTC 

IleValGlyProArgThrCysArgAsnMetTrpSerGlyThrPheProIleAsnAlaTyr 
2341 GATCGTCGGTCCTAGGACCTGCAGGAACATGTGGAGTGGGACCTTCCCCATTAATGCCTA 
CTAGCAGCCAGGATCCTGGACGTCCTTGTACACCTCACCCTGGAAGGGGTAATTACGGAT 

ThrThrGlyProCysThrProLeuProMaProAsnTyrThrPheAlaLeuTrpArgVal 
2401 CACCACGGGCCCCTGTACCCCCCTTCCTGCGCCGAACTACACGTTCGCGCTATGGAGGGT 
GTGGTGCCCGGGGACATGGGGGGAAGGACGCGGCTTGATGTGCAAGCGCGATACCTCCCA 

SerAlaGluGluTyrValGluIleArgGlnValGlyAspPheHisTyrValThrGlyMet 
2461 GTCTGCAGAGGAATATGTGGAGATAAGGCAGGTGGGGGACTTCCACTACGTGACGGGTAT 
CAGACGTCTCCTTATACACCTCTATTCCGTCCACCCCCTGAAGGTGATGCACTGCCCATA 

ThrThrAspAsnLeuLysCysProCysGlnValProSerProGluPhePheThrGlu 
2521 GACTACTGACAATCTCAAATGCCCGTGCCAGGTCCCATCGCCCGAATTTTTCACAGAAT 
CTGATGACTGTTAGAGTTTACGGGCACGGTCCAGGGTAGCGGGCTTAAAAAGTGTCTTA 



FIG. 14-3 
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FIG. I 5 Translation of DNA 33c 

AlaValAspPhelleProValGluAsnLeuGluOS^ 
1 GGCOTTGGACTTTATCCCTGTGGAGAACCT 

CCGCCACCTGAAATAGGGACACCTCTTGGATCTCTC 

AspAsnSerSerProProValValProGlnSerPheGlnValAlaHlsLeuHisAlaPro 
61 GGATAACTCCTCTCCACCAGTAGTC^ 

CCTAXTGAGGAGAGGTGGTCAICAO^^ 

ThrGlySerGlyLysSerThrLysValProAlaAlaTyrAlaAlaGlnGlyTyrLysVeQ. 
121 CPJZ?GGCl&OGG(^ 

GTGTCCGTCGCCGTTTTCGTGGTTCCAGGGCCGACGTATACGTCGAGTC 



LeuValLeuAsnProSerValMaAlaThrLe^ 
181 GCTAGTACTCAACCCCTCTGTTGCTGCAACAC 

CGATCATGAGTTGGGGAGACAACGACGTTGTGACCCGA 

Overlap with 40b 

HisGlylleAspProAsnlleArgThrGlyValArg^ 
241 TCATGGGATCGATCCTAACATCAGGACCGGGGTGAGAACAATTAC 
AGTACCCTAGCIAGGAITGTAGTCCTGGCCCCACTCTTGTT^ 



ThrTyrSerThrTyxGlyLysPhel^uMaAspGlyGlyCysSerGlyGlyM 
301 CACGTACTCCACCTACGGCAAGTTCCTTGCCGACG^ 

GTGCATCAGGTGGATGCGGTTCAAGGAACGGCTGCrcCCCAQ 



IlellelleCysAspGluCysHisSerThrAspAlaThrSerll 
361 CATAAIAATTTGTGACGAGTGCCACTCCAC^ 

GTATTATTAAACACTGCTCACGGTGAGGTGCCTACGGTG 



ValI*euAspGlnAlaGluThrAlaGlyAlaArgI^^ 
421 TGTCCTTGACCAAGCAGAGACTGCGGO 

ACAGGAACTGGTTCGTCTCTGACGCCCCCGCTCTGACCAACACGAGCGG 



ProGlySerValThrValProHisProAsnlleGluGlu^^ 
481 TCCGGGCTCCGTCACTGTGCCCCATCCCAACATC^ 

AGGCCCGAGGCAGTGACACGGGGTAGGGTTGTAGCTCCTCCAACGAGA 



GluIleProPheTyrGlyLysAlalleProI^uGluVallleLysGlyGlyArgH^ 
541 AGAGATCCCTTTTTACGGCAAGGCEATCCCCCa^ 

TCTCTAGGGAAAAATGCCGTTCCGATAGGGGGAGCTTC^ 



IlePheCysHisSerLysLysLysCysAspGluI^uAlaAlaLysLeuValAlaLeuGly 
601 CATCTTCTGTCATTCAAAGAAGAAGTGCGACGAACTCGCCGCAAAGCTGGTCGCA 
GTAGAAGACAGTAAGTTTCTTCTTCACGCTGCTTGM 



IleAsnAlaValAlaTyrTyrArgGlyLeuAspV^^ 
661 CATCAATGCCGTGGCCTACTACCGCGGTCTTGACGTGTCCGTCATC 
GTAGTTACGGCACCGGAIGATGGCGCCAGAACTGC^^ 

ValValValValAlaThrAspAlal^uMetThrGlyTyrThr^ 
721 TGTTGTCGTCGTGGCAACCGAXGCCCTCATGACCGGCTATACCGGCGACTTCGACTCGGT 
ACAACAGCAGCACCGTTGGCTACGGGAGTACTGGCCGATATGGCCGCTGAAGCT 

IleAspCysAsnThrCys 
781 GATAGACTGCAAIACGTGTG 
CTATCTGACGTTATGCACAC 
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FIG. 1 6 Translation of DMA 8h 

ProCysThrCysGlySerSerAspLeuTyr^ 
1 CTCCCTGCACTTGCGGCTCCTCGGACCTTT 

GAGGGACGTGAACGCCGAGGAGCCTGGAAATGGACCAG 

ValArgArgArgGlyAspSerArgGlySerLeute^ 
61 CCGTGCGCCGGCGGGGTGATAGCAGGGGCAGCCTGCTGT^ 
GGCACGCGGCCGCCCCACTATCGl^^ 

LysGlySerSerGlyGlyProLeuLeuCysPro^ 
121 TGAAAGGCTCCTCGGGGGGTCCGCTGTTGTG^ 
ACTTTCaSAGGAGCCCCCCAGGCGACAACACGG 

■ Overlap with 
MaAlaValCysThrArgGlyValAlaLysAlaValAspPhellePro^ 
181 GGGCCGOGGTGTGCACCCGTGGAGTGGCTAAGGCGGTGG 
CCCGGCGCCACACGTGGGCACCTCiUZa^TCC^ 

33c ___ 

GluThrThi^tArgSerProValPh^IhrAspAsxiSer 
241 TAGAGACAACCATGAGGTCCCCGGTGTTCACGGATAACTCCTC 
ATCTCTGTTGGTACTCCAGGGGCCACAAGTGCCIATTGAGGAG 



FIG. 17 Translation of DNA 7e 

GlyTrpArgLeuI^uAlaProIleTte 
1 GGGGTGGAGGTTGCTGGCGCCCATCACGGCGTAC^ 

CCCCACCTCCAACGACCGCGGGTMTGCCGCATGCGGGTC^ 

CysnelleThrSerl^uThrGlyArgAspLysAsnGlnValGluGlyGluVaaGlnlle 
61 GTGCATAATCACCAGCCTAACTGGCCGGGAOUU^ 

CACGTATTAGTGGTCGGATTGACCGGCCCTGTTTTTGGCT 

ValSerThrAlaMaGlnThrPheLeuAlaThi^sI^ 
121 TGTGTCAACTGCTGCCCAAACCTTCCTGGCAACGTG 

ACACAGTTGACGACGGGTTTGGAAGGACCGTTGCACGT^ 

TyrHisGlyAlaGlyThrArgThrlleAl^ 
181 CTACCACGGGGCCGGAACGAGGACCATCGCGTCACCCAAGGGTCCTGTC^ 
GATGGTGCCCCGGCCTTGCTCCTGGTAGGGGAGTGGG^^ 



ThrAsnValAspGlnAspI^uValGlyTrpProAlaProGlnGlyS 
241 TACCAATGTAGACCAAGACCTTGTGGGCTGGCCCGCTCCGC^ 
AIGGTTIVCATCTGGTTCTGGAACACCCGACC^ 

Overlap with 8h — 

ProCysThrCysGlySerSerAspLeuTyrl^uValThrArgHis 
301 ACCCTGCACTTGCGGCTCCTCGGACCTTTACCTGGTCACGAGGCACG 
TGGGACGTGAACGCCGAGGAGCCTGGAAAXGGACCAGTGCTCGGTGC 



FIG. 18 Translation of DNA 14c 



AsnMetTrpSerGlyThrPheProlleAsn 
1 G£ ACATGTGGAGTGGGACCTTCCCCATTAATGCCTACACCACG^ 
CTTGTACACCTCACCCTGGAAGGGGTAA^ 

Overlap with 25c 

ProAlaPrc^nTyrThrPheAlal^uTrpArgValSexAlaGluGluTyrValG 
61 TCCTGCGCCGAAGTACACGTTCGCGCTATGGAGGGTGTCTGCAGAGG^ 
AGGACGCGGCTTGATGTGCAAGCGCGATACCTCCCACAGACGTCTC 



ArgGlnValGlyAspPheHisTyrValThrGlyMe^ 
121 AAGGCAGGTGGGGGACTTCCACTACGTGACGGGTATC^ 

TTCCGTCCACCCCCTGAAGGTGATGCACTGCCCATACTGAT^ 



CysGlnValProSerProGliiPhePheThrGluI^uAspGlyValArgLeuHisArgPhe 
181 GTGCCAGGTCCCATCGCCCGAATTTT^ 
CACGGTCO&GGGTAGCGGGCTTAA^ 

AlaProProCysLysProLeuLeuArgGluGlu^ 
241 TGCGCCCCCCTGCAAGCCCTTGCTGCGGGAGGAGGTA^ 

ACGCGGGGGGACGTTCGGGAACGACGCCCTCCTCCAIAGTAAGTCTCATC 

TyrProValGlySerGlnl^uProCysGluProGluPr^ 
301 ATACCCGGTAGGGTCGCAATTACCTTGCGA^^ 

TATGGGCCATCCCAGCGTTAATGGAACGCTCGGGCTTGGC 

MetlieuOlurAspProSerHisIleThrMaGliiAlaAlaGlyArgArgl^uAlaArgGly 
361 CATGCTCACTGATCCCTCCCATATAACAGCAGAGGCGGCCGGGCGAAGGTTGGCGAG^ 
GTACGAGTGACTAGGGAGGGTATATTGTCGTCTCCGCCGGCCCGCTTC 

SerProProSerValMaSerSerSerMaSerGlnLeuSerAlaProSerLeuLysAla 
421 ATCACCCCCCTCTGTGGCCAGCTCCTCGGCTAGCCAGCTATCra 

TAGTGGGGGGAGACACCGGTCGAGGAGCCGATCGGTCGATAGGCGAGGXAGAGAGTTC 

ThrCysThrAlaAsnHisAspSerProAsp 
481 AACTTG CACCGCTAACCATGACTCCCCTG AT 
TTGAACGTGGCGATTGGTACTGAGGGGACTA 
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FIG. 19 Translation o£-DNA 8f 

— — Overlap with 14c— 

SerSerSeriOaSexGlnLeuSerAlaP^^ 
1 AGCTCCTCGGCTAGCOIGCIRTCCGCTCCATCTC 

TCGAGGAGCCGATCGGTCGA3AGGCGAGGTA6AGAGTTCCE 



AspSerProAspAlaGluI^uIleGluAlaAsi^uI^uTrpArgGlnGluMe^ 
61 GACTCCCCTGATGCTGAGCTCATAGAGGCCA^ 

CTGAGGGGACTACGACTCGAGTATCTCCGGTTGGAGG^ 

AsnlleThrArgValGluSerGluAsnLysValValllel^iiAspSerPheAspProLeu 
121 iACftTCACGVGGGTTGAGTCAGAZU^ 
TTGTAGTGGTCCOLACTCAGTC 

ValAlaGluGluAspGluArgGluneSerV^ 
181 GTGGCGGAGGAGGACGAGCGGGAGATCimSTACCCGC^^ 
CACC^CCTCCTCCTGCTCGCCCTCTft^^ 

iUrgPheAlaGlnAlaLeuProValTrpJOaArgProAspTyiA 
241 AGATTCGCCOIGGCCCTGCCCGTTTGGGCGCGGCCG^ 
TCTAAGCGGGTCCGGGACGGGCAAACCCGCGCCGGCCTC 

ThrTipLysLysProAspTyrGlUProProValValHisGlyCysProLettf 
301 ACGTGGAAAA^CCGACTACGAACCACCTGTGGTCCATGGCTC 
TGCACCTTTTTCGGGCTGATGCTTGGTG^ 

LysSerProProValPro 
361 AAGTCCCCTCCTGTGCCG 
TTCAGGGGAGGACACGGC 



FIG. 20 Translation of DNA 33 f 



121 



181 



ValTrpAlaArgProAspTyrAsnProProLeuValGluThrTr^ 
CGTTTGGGCGCGGCCGGACTATAACCCCCCGCTM 
GCAAACCCGCGCCGGCCTGATATTGGGO 



-Overlap with 8f- 



GluProPrx)ValValHisGlyCysProteuProProProLysSerProPro 
61 CGAACCACCTGTGGTCCATGGCTGCCCGCTTCCACCTCC^ 
GCTTGGTGGACACCAGGTACCGACGGGCGAAGG 

PrcArgLysLy^Argllu^alVan^ 
GCCTCGGAAGAAGCGGACGGTGGTCCTCACTGAATCAACCCO^ 
CGGAGCCTTCTTGGCCTGCCACCAGGAGTGACTTM 

LeuAlaThrAr^SerPheGl^erSerSerThrSerGlylleThrGlyAsp^ 
GCTCGCCACCAGAAGCTTTGGCAGCTCCTCAACTTCCGGCA 
CG&GCGGTGGTCTTCGAAACCGTCGAGGAGTTGAAGK 

ThrSexSexSluProAlaProSexGlyCysPro^ 
241 AACATCCTCTGAGCCCGCCCCTTCTGa 

TTGTAGGAGACTCGGGCGGGGAAGACCGACGGGGGGGCTGAGGC^ 
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FIG. 22 Translation of DNA 7f 




241 ^s=^^ 

c — - ~ I Overlap with 7e 
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FIG. 23 Translation of DNA lib 

GlyGlyValVall^uValGlyLeuMetMaLeuT^ 
1 GGCGGTGTTGTTCTCGTCGGGTTGATGGCGCTGACTCTGTCACCATATTACAAGCGCTAT 
CCGCCACAACAAGAGCAGCCCAACTACCGCGACTGAGACAGTGGTATAATGTTCGCGATA 

IleSerTrpCysLeuTrpTrpLeuGlnT^ 
61 ATCAGCTGGTGCTTGTGGTGGCTTG^TATTTTCTGAC 

TAGTCGACCACGAACACCACCGAAGTCATAAAAGACTGGTCTCACCTTCGCGTTGACGTG 

ValTrpIleProProI^uAsnValArgGlyGlyArgAspMaValIleLeuLeuMet(^ 
121 GTGTGGATTCCCCCCCTCAACGTCCGAGGGGGGCGCGACGCCGTCATCTTACTCATGTGT 
CACACCTAAGGGGGGGAGTTGCAGGCTCCCCCCGCGCTC 

AlaValHisProThrl^uVeaPheAspIleOl^ 
181 GCTGTACACCCGACTCTGGTATTTGACATCACCAAATTGCTGCTGGCCGTCTTCGGACCC 
CGACATGTGGGCTGAGACCATAAACTGTAGTGGTT^ 

LeuTrpIlel^uGlnAlaSerLeuLeiiLysValProTyrPheValArgValGlnGlyLeu* 
241 CTTTGGATTCTTCAAGCCAGTTTGCTTAAAGTACCCTACTTTGTGCGCGTCCAAGGCCTX 
GAAACC TAAGAAGTTCGGTCAAACGAATTTCATGGG ATGAAACACG CGCAGG TTCCGG AA 

LeuArgPhe(^sMaLeuAlaArgLysMetIl^ 
301 CTCCGGTTCTGCGCGTTAGCGCGGAAGATGATCGGAGGCCATTACGTGCAAA 
GAGGCCAAGACGCGCAATCGCGCCTTCTACTAGCC 



IleLysLeuGlyMaLeuThrGlyThr^ 
361 ATTAAG TTAGGGGCGCTTACTGGCACCTATGTTTATAACCATCTCACTC^ 
TAATTCAATCCCCGCGAATGACCGTGGATACAAATATTGGTAGAGTGAGG 

Overlap with 7f 

TrpAlaHisAsnGlyLeuArgAspLeuAlaValAlaValGluProValValPheSerGln 
421 TGGGCGCACAACGGCTTGCGAGATCTGGCCGTGGCTGTAGAGCCAGTCGTCTTCTCCCAA 
ACCCGCGTGTTGCCGAACGCTCTAGACCGGCACCGACATCTCGGTCAGCAGAAGAGGGTT 



481 



MetGluThrLysLeuIleThrTrpGly 

ATGGAGACCAAGCTCATCACGTGGGGGGC 

TACCTCTGGTTCGAGTAGTGCACCCCCCG 
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FIG. 24 Translation of DNA 14i 



Glul^ValValLeuLeuPhel^uLeuLeuAlaAspAlaArgValC^ 
1 GGGAGTACGTCGTTCTCCTGTTCCTTCTGCTTGCAGACGCGCGCGTCTGCTC 

CCCTCATGCAGCAAGAGGACAAGGAAGACGAACGTCTGCGCGCGCAGACGAGGACGAA 

MetMetLeuI^uIleSerGlnMaGluMaMa 
61 GGATCATGCTACTCATATCCCAAGCGGA^ 

CCTACTACGATGAGTATAGGGTTCGCCTCCGQCGAAACCTCTTC 

AlaSerLeuAlaGlyThrHisGlyLeuValSerPheLeuValPhePheCysPheAlaTrp 
121 CAGCATCCCTGGCCGGGACGCACGGTCTTGTATCCTTCCT 

GTCGTAGGGACCGGCCCTGCGTGCCAGAACATAGGAAGGAGCACAAGAAGAQ 

TyrLeuLysGlyLysTrpValProGlyAlaValTyrThrPh^ 
181 GGTATTTGAAGGGTAAGTGGGTGCCCGGAGCGGTCTACACCTTCTACGGGATGTGGCCTC 
CCAIAAAC1TCCGATTCACCCACGGGCCTCGCCAGA 

LeuLeuLeuLeuLeuMaLeuProGlnArgAlaO^ 
241 TCCTCCTGCTCCTGTTGGCGTTGC^^ 

AGGAGGACGAGGACAACCGCAACGGGGTCGCCCGCATGCGCGACCTGTGCCTCCACCGGC 



-Overlap with lib 



SerCysGlyGly ValVa 1 TieuValGlyLeuMetAlaljeuThrLeuSexProTyrTyrLys 
301 CGTCGTGTGGCGGTGTTGTTCTCGTCGGGTTGATGGCGCTGACTCTGTCACC^ 
GCAGCACACCGCCAGAACAAGAGCAGCCCAACTACCGCG^ 



ArgTyrlleSerTrpCysI^uTrpTrpLeuGln 
361 AGCGCTATATCAGCTGGTGCTTGTGGTGGCTTCAGAA 
TCGCGATATAGTCGACCACGAACACCACCGAAGTCTT 

FIG. 25 Translation of DNA 39c 



ProAlaProSerGlyCysProPTOAspSerAspAlaGluSerTyrSerSerMe 
CCAGCCCCTTCTGGCTGCCCCCCCGACTCCGAGGCT 

GGTCGGGGAAGACCGACGGGGGGGCTGAGGCTGCGACTCAGGATAAGGAGGTACGGGGGG 



LeuGluGlyGluProGlyAspProAspLeuSerAspGlySerTrpSerThrValSerS^ 
61 CTGGAGGGGGAGCCTGGGGATCCGGATCTTAGCGACGGGTCATGGTCAAC^ 
GACCTCCCCCTCGGACCCCTAGGCCTAGAATCGC^ 



-Overlap with 33g 



GluAlaAsnAlaGluAspValValCysCysSerMetSerTyrSerTipThrGl^ 
121 GAGGCCAACGCGGAGGATGTCGTGTGCTGCTCAATGTC 
CTCCGGTTGCGCCTCCTACAGCACACGACX^ 

YalThrProCysMaMaGluGluGlnLysI^uProIleAsnAlciLeuSerAsnSerLeu 
181 GTCACCCCGTGCGCCGCGGAAGAACAGAAACTGCCCATCAATGCACTGA^ 
CAGTGGGGCACGCX3GCGCCTTCTTGTCTTTGACGGGTAGTO 



LexiArgHisHisAsnLeuValTyrSerThrTha^erArgSerAlaCysGlnArgGlnL 
241 CTACGTCACCACAATTTCGTGTATTCCACCACCTCACGCAGTGCTTGC 
GATGCAGTGGTGTTAAACCAC^TAAGGTG^ 

LysValThrPheAspArgLeuGlnVall^uAspSerHis^ 
301 AAAGTCACATTTGACAGACTGCAAGTTCTGGACAGCCAXTACCAC^ 
TTTCAGTGTAAACTGTCTGACGTTCAAGACCTCTC 

ValLysAlaAlaAlaSerLysValLysAlaAsnPhe 
361 GTTAAAGCAGCGGCGTCAAAAGTGAAGGCTAACTTC 
CAATTTCGTCGCCGCAGTTTTCACTTCCGATTGAAG 
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FIG. 26-I COMBINED ORP OF DNAs 
14i/llb/7f/7e/8h/33c/40b/37b/35/36/81/32/33b/25c/14c/8f/33f/33g/39c 



GluTyrValValLeuLeuPheLe^^ 
1 (MGAGTACXSTCGTTCTCCTGTTCCTTC 

CCCTCATGCAGCAAGAGGACAAGGAAGACGAACGTCTC 

MetMetLeuLeuTleSerGlnMaGli^ 
61 GGATGATGCTACTCATATCCCAAGCGGAGGC^^ 

CCTACTACGATGAGTATAGGGTTCGCCTCCGCCGAAACCTCT^ 

MaSerLeiiMaGlyThrHisGlyLeuValSerPheLeuValPhePheCysPheAlaTrp 
121 CAGCATCCCTGGCCGGGACGCACGGTCTTGTATCCTTCCT 

GTCGTAGGGACCGGCCCTGCGTGCCAGAACATAGGAAGGAGCACAAGAA^ 

TyrLeuLysGlyLysTrpValProGlyM 
181 ggtatttgaagggtaagtgggtgcccggagcggt^ 
ccataaacttcccattcacccacgggcc 

LeuLeuLeuIeuLeuMaLeuProGlnArgAlaTyrAlaLeuA^ 
241 TCCTCCTGCTCCTGTTGGCGTTGCCCCA^ 

AGGAGGACGAGGACAACCGCAACGGGGTCGCCCGCATGCGCGACCTGTGC 

SerCysGlyGlyValVa 1 T^uValGlyLeiiMetMaLeuThrLeuSerProTyrTyrLys 
301 CGTCGTGTGGCGGTGTTGTTCTCGTCGGGTTGATGGCGCTGACTCTG 
GC^GCACACC^CA(^(^^AGCAGCCCAACTACC^ 

ArgTyrlleSerTrpCysIieuTrpTrpLeuGlnTyrPhelieuT^ 
361 AGCGCTATATCAGCTGGTGCTTGTGGTGGCTTCAGTATTTTC 
TCGCGATATAGTCGACCACGAACACCACCGAAGTCAT^ 

LeuHisValTrpIleProProLeuAsnValAr 
421 AACTGCACGTGTGGATTCCCCCCCTCAACGTCQ3AGGGGG 
TTGAOGTGCACACCTAAGGGGGGGAGTTG^ 

MetCysMaValHisProThrLeuValPheAspIleThrLysLeuLexiLeuAlaV 
481 TCATGTGTGCTGTACACCCGACTCTGGTATTTGACATCAC^ 
AGTACACACGACATGTGGGCTGAGACCATAAA^ 

GlyPrc^uTrpIleLeiiGlnMaSerLetiLeuLysValProTyrP 
541 TCGGACCCCTTTGGATTCTTCAAGCC^ 

AGCCTGGGGAAACCTAAGAAGTTCGGTCAAACGAATTTCATGGG^ 

GlyLeuLeuArgPheCysMal^uAlaArgLysMetlleGlyGlyHisTyrValG 
601 AAGGCCTOCTCCGGTTCTGCGCGTTAGCGCGGAAGATC 

TTCCGGAAGAGGCCAAGACGCGCAATCGCGCCTTCTACTAGCCTC 

ValllelleLysteuGlyAlalieuThrGlyThrTy^ 
661 TGGTCATCATTAAGTTAGGGGCGCTTACTGGCACCTATGTTTA 
ACCAGTAGTAATTCAATCCCCGCGAATGACCGTGGATACAA^ 

ArgAspTrpAlaHisAsnGlyLeuArgAspLeuAl^ 
721 TTCGGGACTGGGCGGACAACGGCTTGCGAGATCTGGCCGTGGCTGTAG 

AAGCCCTGACCCGCGTGTTGCCGAACGCTCTAGACCGGCACCGACATCTC 

SerGlnMetGluThrLysLeuIleThrTrpGlyAlaAspThrAlaAlaC^ 
781 TCTCCCAAATGGAGACCAAGCTCATCACGTGGGGGGCAGATACCGCCGCGTGCGGTC 
AGAGGGTTTACCTCTGGTTCGAGTAGTGCACCCCCCG^ 

IleAsnGlyl^uProValSerMaArgArgGlyArgGluIlelieuIieuGlyProAlaAs 
841 TCATCAACGGCTTGCCTGTTTCCGCCCXXIAGGGGC^ 

AGTAGTTGCCGAACGGACAAAGGCGGGCGTCCCCGGCCCTCTAO^^ 

GlyMetValSerLysGlyTrpArgLeuLeuM 
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901 ATGGAATGGTCTCCAAGGGGTGGAGGTTG^ 

TACCTTACCAGAGG TTCCCCACCTCCAACG ACCGCGGG TAGTGCCGCATGCGGGTCGTCT 

ArgGlyLeuLeuGlyCysIlelleThrSerl^uThrGlyArgAspLysAsnGlnValGlu 
961 CAAGGGGCCTCCTAGGGTGCATAATCACCAGCCTAACTGGCCGGGACAAAAA 
GTTCCCCGGAGGATCCCACGTATTAGTGGTCGGATTGA 

GlyGluValGlnlleValSerThrMaAlaG^ 
1021 AGGGTGAGGTCCAGATTGTGTCAACTGCTGCCCAAACCTTCCTGGCAAOT 
TCCCACTCCAGGTCTAACACAGTTGACGACGGGTTTGGAAGGACCGTT^ 

V^CysTrpThrValTyrHisGlyAlaGlyThrArgThrlleAlaSerProLysGlyPro 
10 81 GGGTGTGCTGGACTGTCTACCACGGGGCCGGAACGAGGACCATCGCGTCACCCAAGGGTC 
CCCACACGACCTGACAGATGGTGCCCCGGCCTTGCTCCTGGl^ 

VallleGlnMetTyrThrAsnValAspGlnA^ 
1141 CTGTCATCCAGATGTATACCAATGTAGACCAAGACCTTGTC 

GACAGTAGGTCTACATATGGTTAC^TCTGGTTCTGGAACACCCGAC 

SerArgSexLeuThrProC^sThrCysGlySerS^ 
1201 GTAGCCGCTCATTGACACCCTGCACTTCOGGCTCC^ 

CATCGGCGAGTAACTGTGGGACGTGAACGCCGAGGAG^^ 

AlaAspVallleProValArgArgArgGlyAspSerArgGlySerLeuLeuSerPrGArg 
1261 ACGCCGATGTCATTCCCGTGCGCCGGCGGGGTGATAGCAGGGGCAGCCTGCTGTCGCCCC 
TGCGGCTACAGTAAGGGCACGCGGCCGCCCCACTATCGTCCCTO 

ProIleSerTyrLeuLysGlySerSerGlyGlyPro^ 
1321 GGCCCATTTCCTACTTGAAAGGCTCCTC^^ 

CCGGGTAAAGGATGAACTTTCCGAGGAGCCCCCCAGGCGACAACACGGGGCGCCCCGTC 

ValGlyllePheArgMaMaValCysThrArgGlyValMaLysAlaValAspPhelle 
13 81 CCGTGGGCATATTTAGGGCCGCGGTGTGCACCCGTGGAGTGGCTAAGGCGGTGGACTTTA 
GGCACCCGTATAAATCCCGGCGCCACACGTGGGCACCTCACCGATTCCGCCACCTGAAAT 

ProValGluAsnLeuGluThrThi^tArgSerProValPheThrAspAsnSer^ 
1441 TCCCTGTGGAGAACCTAGAGACAACCATGAGGTCCCCGGTC 
AGGGACACCTCTTGGATCTCTGTTC^TACTCCA^ 

ProValValProGlnSerPheGlnVa^ 
1501 CACCAGTAGTGCCCCAGAGCTTCCAGGTGGCTCACCrcaVTGCTC 
GTGGTCATCACGGGGTCTCGAAGGTCCACCGAGTGGAGGTACGAG 

SerThrLysValPraAlaJU.aTyrAlaMaGln^ 
1561 AAAGCACCAAGGTCCCGGCTGCATATGCAGCTCAGGGCTAXAAGGTGCTA^ 
TTTCGTGGTTCCAGGGCCGACGTATACGTCGAGTCCCG^ 

SerValAlaMaThrLeuGlyPheGlyMaTyrMetSerLysMaHisGlylleAspPro 
1621 CCTCTGTTGCTGCAACACTGGGCTTTGGTGCTTACATGTC . 
GGAGACAACGACGTTGTGACCCGAAACCACGAATGTACAGGT 

AsnlleArgThrGlyValArgThrlleThrThrGlySerProIleThrTyrS 
1681 CTAACATCAGGACCGGGGTGAGAACAATTACCACTGGCAGCCCCATCACG1ACTC 
GATTGTAGTCCTGGCCCCACTCTTGTTAATGGTGACCGTCGGGGTAGTC 

GlyLysPheLeuMaAspGlyGlyCysSerGlyGlyAlaTyrAspIlellelleCysAsp 
1741 ACGGCAAGTTCCTTGCCGACGGCGGGTGCTQ3GGGGGCGCTTATC 
TGCCGTTCAAGGAACX^CTGCCGCCCACGAGCCCCCCGCGi^ 

Glu(^sHlsSerThrAspAlaTtoSerIleLeuGly IleGlyThrVa 1 T^uAspGlnAla 
1801 ACGAGTGCCACTCCACGGATGCCACATCCATCTTGGGCATCGGCACTGTC 

TGCTCACGGTGAGGTGCCTACGGTGTAGGTAGAACCCGTAGCCGTGACAGGAACTGG 

GluThrMaGlyMaArgl^uValValLeuMaThrMaThrProProGlySerValThr 
1861 CAGAGACTGCGGGGGCGAGACTGGTTGTGCTCGCCACCGCCACCCCTCCGGGCTCCGTCA 
GTCTCTGACGCCCCCGCTCTGACCAACACGAGCGGTGGCGG 

FIG. 26-2 



A 
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ValProHisProAsnlleGluGluValAlal^uSerThrThrGIyGluIleProPheTyr 
1921 CTGTGCCCCATCCCAACATCGAGGAGGTTGCTCTGTCCACC^ 
GACACGGGGTAGGGTTCTAGCTCCTCCAACGAGACAGGTC 

GlyLysAlalleProLeiiGluVallleLysGlyGlyArgHisLeuIlePheCysHlsSer 
1981 ACGGCAAGGCTATCCCCCTCGAAGTAATCAAGGGGGGGAGACATCT 
TGCCGTTCCGATAGGGGGAGCTTCATTAGTTCCCCCCCTCTG 

LysLysLysCysAspGluteuAlaMaLysLeuValAl^ 
2041 CAAAGAAGAAGTGCGACGAACTCGCCGCAAA^TGGTCGC^TTGGGCATCAATC 
GTTTCTTCOTCACGCTGCTTGAGCGGCGTTTCGACCAGCG 

TyrTyrArgGlyLeuAspVal^erValll 
2101 CCTACTACCGCGGTCTTGACGTGTCCGTCATCCCGACCAGCGGCGATGTTGTCG 
GGATGATGGCGCCAGAACTGCACAGGCAGTAGGGCT 

ThrAspMaLeuMetThiGlyTyrThrGlyAspPheAspSerVallleAspC^ 
2161 CAACCGATGCCCTCATGACCGGCTATACCGGCGACTTCGACTCGGTGATAGACTGCAATA 
GTTGGCTACGGGAGTACTGGCCGATATGGCCGCTGAAGCTGA 

CysValThrGlnThrValAspPheSerl^uAspPro 
2221 CGTGTGTCACCCAGACAGTCGATTTCAGCCTTGACCCTACCTTCAC 

GCACACAGTGGGTCTGTCAGCTAAAGTCGGAACTGGGATGGAAGTGGTAACTC 

LeuProGlnAspAlaValSerArgThrGlnArgArgGlyArgTh^ 
2281 CGCTCCCCCAGGATGCTGTCTCCCX5CACTCAACGTCGGGGCAGGAC 

GCGAGGGGGTCCTACGACAGAGGGCGTGAGTTGCAGCCCCGTCCTGACCGTCCCCC 

GlylleTyrArgPheValAlaProGlyGluArgPro 
2341 CAGGCATCTACAGATTTGTGGCACCGGGGGAGCGCCCCTCCGGCATGTTC 

GTCCGTAGATGTCTAAACACCGTGGCCCCCTCGCGGGGAGGCCGTACAAGCTGAGCAGGC 

I^uCysGluCysTyrAspMaGlyCysAlaTrpTyzt51uLeuThrProM 
2401 TCCTCTGTGAGTGCTAl^CGCAGGCTGTGCTTGGTATGAGCTCACGCCCGCCGAGAC^ 
AGGAGACACTCACGATACTGCGTCCGACACGAA 

ValArgLeuArgMaTyrMetAsnThrPr^ 
2461 C^TTAGGCTACGAGCGTACATGAACACCCCGGGGCTTCCCGTGTGCCAGGACCATCTTG 
GTCAATCCGATGCTCGCATGTAGTTGTGGGGCCCCGAAGGGCACACGGTCCTC 

PheTrpGluGlyValPheThrGlyl^^ 
2521 AATTTTGGGAGGGCGTCTTTACAGGCCTCACT^ 

TKVAAACCCTCCCGCAGAAATGTCCGGAGTGAGTATATCTACGOT 

LysGlnSerGlyGluAsnLeuProTyrLeuValAlaT^ 
2581 CAAAGCAGAGTGGGGAGAACCTTCCTTACCTGGTAGCGTACCAAGCCACC^ 
GTTTCGTCTCACCCCTCTTGGAAGGAATGGACCATC 

MaGlnAlaProProProSerTrpAspGlnMetTrpLysCysLeuIleAi^ 
2641 GGGCTCAAGCCCCTCCCC(^TCGTGGGACCAGATGTGGAAGTGTTTGATTCGCCTCAAGC 
CCCGAGTTCGGGGAGGGGGTAGCACCCTGGTCTACACCTT 

ThrLeuHisGlyProThrProLeuLeuTyrArgteuGlyMaValGlnAsnGluIleThr 
2701 CCACCCTCCATGGGCCAACACCCCTGCTATACAGACTGGGCGCTGTTCAGAATC 

GGTGGGAGGTACCCGGTTGTGGGGACGATATGTCTGACCCGCGACAAGTCTTACTTTAGT 

LeuThrHisProValThr^ 
2761 CCCTGACGCACCCAGTCACCAAATACATCATGACATGCATGTCG 
GGGACTCCGTGGGTCAGTGGTTTATGT^ 

ThrSerThrTrpVall^uValGly^ 
2821 TCACGAGCACCTGGGTGCTCGTTGGCGGCGTCCTGGCTGCra 

AGTGCTCGTGGACCCACGAGCAACCGCCGCAGGACCGACGAAACCGGCGCA 

ThrGlyC^sValVallleValGlyArgV^ 
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2881 CAACAGGCTGCGTGGTCATAGTGGGCAGGGTCGTCTTC TCCGGGAAGCCGGCAATCATAC 
GTTGTCCGACGCACCAGTATCACCCGTCCCAGCAGAACAGGCCC 

AspArgGluVall^uTTrArgGluPheAspGluMetGluGluCysSerGlnHisLeuPro 
2941 CTGACAGGGAAGTCCTCTACCGAGAGTTCGATGAGATGGAAGAGTGCTC 

GACTGTCCCTTCAGGAGATGGCTCTCAAGCTACTCTAC^ TGAATG 

TyrlleGluGlnGlyMetMetLeuAlaGlu^ 
3001 CGTACATCGAGCAAGGGATGATGCTCGCCX3AGCAGTTCAAGCAGAAGGCCCTCGGCC 
GCATGTAGCTCGTTCCCTACTA03AGCGGCTCGXCAAGTTC 

GlnThrMaSerArgGlnAlaGluVallleAlaProAlaValGlnThrAsnTrpGlnLys 
3061 TGCAGACCGCGTCCCGTCAGGCAGAGGTTATCGCCCCTGCTC 
ACGTCTGGCGCAGGGCAGTCCGTCTCCAATAGCGGGGACGAC^ 

LeuGluThrPheTrpMaLysHisMe^^ 
3121 AACTCGAGACCTTCTGGGCGAAGCATATGTGGAACTTCATC^ 
TTGAGCTCTGGAAGACCCGCTTCGTATACACCT^ 

GlyLeuSerThrLeuProGlyAsiiProAlal^ 
3181 cgggcttgtcaacgotk:ctggtaaccccgccattgot 

gcccgaacagttgcgacggaccattggggcggtaacgaagta^ 

ValThrSerProI^uThrlSirSerGlnT^ 
3 241 CTGTCACCAGCCCACTAACCACTAGCCAAACCCTC^ 
GACAGTGGTQ3GGTGATTGGTGATCGGTTTG 

MaAlaGlnI^uAlaAlaProGlyAlaAlaThrAlaPheValGly|aaGlyr^uAlaGly 
3301 TGGCTGCCCAGCTCGCC^CCCC^ 

ACCGACGGGTCGAGCGGCGGGGGCCACGGCGATGACGGAAACAC^ 

AlaAlalleGlySerValGlyl^uGlyLysVaJ^ 
3361 GCGCCGCCATCGGCAGTGTTGGACTGGGGAAGGTCCTCATA^^ 

CGCGGCGGTAGCCGTCACAACCTGACCCCTTCCAGGAGTATCTGTAGGAACGTCCCATAC 

AlaGlyValMaGlyAlaLeuValAlaPheLysIleMetSerGlyGluValProSexThr 
3421 GCXSCGGGC^TCGCGGGAGCTCTTGTGGCATTCAAGATCATGAGCGGTGA 
CGCGCCCGCACCGCCCTCGAGAACACCGTAAG1TC 

GluAspLeuValAsnLeuteuProAlalleLe^ 
3481 CGGAGGACCTGGTCAATCTACTCCC^ 

GCCTCCTGGACCAGTTAGATGACGGGCGGTAGGAGA^ 

ValCysMaMalleLeuArgArgHisValGlyProGlyGluGlyMaValGlnTrpMet 
3541 TGGTCTGTGCAGCAATACTGCGCCGGCACGTTGGCCCGG^ 
ACCAGACACGTCGTTATGACGCGGCCGTGCAACC 

AsnArgLeuIleAlaPheAlaSerArgGlyAsnHisValSerProThrHis 
3601 TGAACCGGCTGATAGCCTTCGCCTCCCGGGGGAACCATGT^ 
ACTTGGCCGACTATOGGAAGCGGAGGGCCCCCTTC 

GluSerAspAlaAlaMaAr^alThrMalleLeuSer^ 
3661 CGGAGAGCGATGCAGCTGCCCGCGTCACTGCCATACTCAGCAGCCTC^ 

GCCTCTCGCTATOTCGACGGGCGCAGTGACGGTATGAGTCGTCGGAGTGAC^ 

LeuArgArgLeuHisGlnTrpIleS^ 
3721 TCCTGAGGCGACTGCACCAGTGGATAAGCTCGGAGTGTACCACTCCATGCTCCGGTTC 
AGGACTCCGCTGACGTGGTCACCTATTCGAGCCTCACATGGTGAGGTACGA^ 

LeuAxgAspIleTrpAspTrpIleCysGluValLeuSerAspPheLysThrTrp^ 
3781 GGCTAAGGGACATCTGGGACTGGATATGCGAGGTGTTGAGCGACT 
CCGATTCCCTGTAGACCCTGACCTATACGCTCCACAAC 

AlaLysLeuMetProGlnLeuProGlylleProP^ 
3 84 1 AAGCTAAGCTCATGCCACAGCTGCCTGGGATCCCCTTTGTC 

TTCGATTCGAGTACGGTGTCGACGGACCCTAGGGGAAACACAGGACGGTC 
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GlyValTrpArgValAspGlylle^ 
3301 AGGGGG TCTGGCGAGTGGACGGCATCATGCACACTCGC TGCCACTG TGGAGCTG AGATCA 
TCCCCCAGACCGCTCACCTGCCGT^ 

GlyHisValLysAsnGlyThrMetArglleV^ 
3961 CTGGACATGTCAAAAACGGGACGATGAGGATCGTCGGTCCTAGGACCTGCAGGAACATGT 
GACCTGTACAGTTTTTCCCCTGCTACTCCTAGCAG^ 

SerGlyThrPheProIleAsnAlaTyrThrThr^ 
4021 GG AGTGGGACCTTCCCC^TTAATGCCTACACCACGGGCCCCTGTACCCCCCTTCCTGCGC 
CCTCACCCTGGAAGGGGTAATTACGGATGTGGTGCCCGGGGACATGGGGGGAAGGACGCG 

AsnO^rThrPheMalieuTrpArgValSerMaGluGluTyrValGluIleArgGlnV^ 
4081 CGAACTACACGTTCGCGCTATCGAGGGTGTCTGCAGAGGAATATGTG 
GCTTGATGTCCAAGCGCGATACCTCCCACAGACGTCTCCTTATACAC 

GlyAspPheHisTyrValThrGlyMetTM 
4141 TGGGGGACTTCCACTACGTGACGGGTATGACTACTGACAATC 
ACCCCCTGAAGGTGATGCACTGCCCATACTGATGACTGT^ 

ProSexProGluPhePheThrGluI^^ 
4201 TCCCATCGCCCGAATTTTTCACAGAATTGGA^ 

AGGGTAGCGGGCTTAAAAAGTGTCTTAACCTGCCCCACGCGGATGTATCCAAACGCGGGG 

CysLysProI^uLeuArgGluGluValSerPheArgValGlyLeuHisGluTyrProVal 
4261 CCTGCAAGCCCTTGCTGCGGGAGGAGGTATCAXTCAGAGTAGGACTCCACGAATACCCGG 
GGACGTTCGGGAACGACGCCCTCCTCCATAGTAAGTCTCATCCTGAGGTC 

GlySerGlnLeuProCysGluProGluPrcAspValAlaVal T^uThrSerMetLeuThr 
4321 TAGGGTCGCAATTACCTTGCGAGCCCGAACCGGACGTGGCCGTGTTGACGTC 
ATCCC^GCGTTAATGGAACGCTCGGGCTTGGrc 

AspProSerHisIleThrMaGluMaMaGlyArgA 
4381 CTGATCCCTCCCATATAACAGCAGAGGCGGCCGGGCGAAGGTTGGCGAGGGGATCACCCC 
GACTAGGGAGGGTATAXTGTCGTCTCCGCCGGCCCGCTTC 

SerValMaSexSexSerMaSerGlnLeuSerAlaPro^ 
4441 CCTCTGTGGCCAGCTCCTCGGCTAGCCAGCTATCCGCTCCATCTC 

GGAGACACCGGTCGAGGAGCOTATCGGTCGATAGGCGAGGTAGAGAGTTCCGTTGAACG^ - 

MaAsnHisAspSerProAspMaGluI^IleGluMaAsn 
4501 CCGCTAACCATGACTCCCCTGATGCTGAGCTCATAGAGGCOVACCTCCTATGGAGGCAGG 
GGCGATTGGTACTGAGGGGACTACGACTCGAGTATCTCCGGTTGG 

MetGlyGlyAsnlleThrArgValGluSerGluAsnliysValVeLlIleLeuAspSerPhe 
4561 AGATGGGCGGCAACATCACCAGGGTTGAGTGAGAAAAGA^ 
TCTACCQ^CGTTGTAGTGGTCCCAACTCAGTCTTTTC 

AspProLeuValMaGluGluAspGliiArgGluIleSexValProAlaGluIleLeuArg 
4621 TCGATCCGCTTGTGGCGGAGGAGGACGAGCGGGAGATCTCCGTACCCGCAGAAATCCTGC 
AGCTAGGCGAACACCGCCTCCTCCTGCTCGCCCTCTAGAGGCATGGGCGTC 

LysSerArgArgPheAlaGlnAlaLeuProValTrpMaArgProAspTyrAsnProPro 
4681 GG AAGTCTCGGAGATTCGCCCAGGCCCTGCCCGTTTGGGCGCGGCCGGACTATAACCCCC 
CCTTCAGAGCCTCTAAGCGGGXCCGGGACGGGCAAACCCGCGCCGGCCTGATATTGGGGG 

LeuValGluThrTrpLysLysProAspTy^ 
4741 CGCTAGTGGAGACG TGGAAAAAGCCCGACTACGAACCACCTGTGGTCCATGGCTGTCCGC 
GCGATCACCTCTGCACCTTTT^ 

ProProProLysSerProProValProProProArgLysLysArgThrValValLeuThr 
4801 TTCCACCTCCAAAGTCCCCTCCTGTGCCTCCGCCTCGGAAGAAGCGGACGGTGGTCCTCA 
AAGGTGGAGGTTTCAGGGGAGGACACGGAGGCGGAGCCTTCTTC 

GluSerThrl^uSerThrMaLeuAla^ 
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4861 CTGAATCAACCCTATCTACTGCCTTGGCCGAGCTCGCCAC 

GACTTAGTTGGGATAGATGACGGAACCGGCTCGAGCGGTGGTCTTCGAAACCGTCGAGGA 

ThrSerGlylleThrGlyAspAsnThrThr^^ 
4921 CAAOTCCGGC^TTAO^CGACAATAC^^ 
GTTGAAGGCCGTAATGCCCGCTGTTATGCTC 

ProProAspSerAspAlaGliiSerTyrSerSerMetProProLeuGluGlyGluProGly 
4981 GCCCCCCCGACTCCGACGCTGAGTCCTATTCCTCCATGCCCCCCCTGGAGGGGGAGCCTG 
CGGGGGGGCTGAGGCTGCGACTCAGGATAAGGAGGTACGGGGGGGACCTCCCCCTCGGAC 

AspPrcAspI^uSerAspGlySexTrpSerThr^ 
5041 GGGATCCGGATCTTAGCG ACGGGTCATGGTCAACGGTCAGTAGTG AGG CCAACG CGGAGG 
CCCTAGGCCTAGAATCGCTGCCCAGTACCAGTTGCCAGTC 

ValValCysCysSerMetSerTyrSerT:^ 
5101 ATGTCGTGTGCTGCTCAATGTCTTACTCTTGGACAGGCGCACTCG 

TACAGCACACGACGAGTTACAGAATGAGAACCTGTCCGCGO?GAGCAGTGGGGCACGCGGC 

GluGluGlnLysLeuProIleAsnAlal^uSerAs^ 
5161 OGGAAGAACAGAAACTGCCCATCAATGCACTAAGCAACTCGTTGCTACG 
GCCTTCTTGTCTTTGACGGGTAGTTACGTGATTC 

ValTyrSerThrThrSerArgSerMaCysGli^^ 
5221 TGGTGTATTCCACCACCTCACGCAGTGCTTGCCAAAGG CAGAAGAAAGTCACATTTGACA - 
ACCACATAAGGTGGTGGAGTGCGTCACGAACGGTTTCCGTC 

LeuGlnValLeuAspSerHi sTyrGlnAspVaLLeuLy sGluValLy sAlaAlaAlaSer 
5281 GACTGCAAGTTCTGGACAGCCATTACCAGGACG TACTCAAGGAGGTTAAAGCAG CGGCGT 
CTGACGTTCAAGACCTGTCGGTAATGGTCCTGCATGAGTTCCTC 

LysValLysAlaAsnLeu 

5341 CAAAAGTGAAGGCTAACTTG 
GTTTTCACTTCCGATTGAAC 
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FIG. 27 Translation of DNA 12f 

IlePheGLysIleArgMetTyrValGl^ 
1 CCATATTTAAAATCAGGATGTACGTGGGAGGGGTCGAACAC^GGCTGGAAGCTCCCTG^ 
GGTATAAATTTTAGTCCTA(^TGCACCCTCCCCAGCTTGTGTCCGACCTTCGACGGACGT 

TrpThrArgGlyGluArgC^rsAspLeuGluAspArgAspArgSerGluLeuSerProLeu 
61 ACTGGACGCGGGGCGAACGTTGCGATCTGGAAGACAGGGACAGGTCCGAGCTCAGCCCGT 
TGACCTGCGCCCCGCTTGCAACGCTAGACCTTCTGTCCCTGTCCAGGCTCGAGTCGGGCA 

LeuLeuThrThrThrGlnT^^ 
121 TACTGCTGACCACTACACAGTGGCAGGTCCTCCCGTGTTCCTTCACAACCCTACCAGCCT 
ATGACGACTGGTGATGTGTCACCGTCCAGGAGGGCACAAG^ 

SerThrGlyl^uIleHisLeuHisGlnAsnlleValAspValGlnTyrLeuTyrGlyVal 
181 TGTCCACCGGCCTCATCCACCTCCACCAGAACATTGTGGACGTGCAGTACTTGTACGGGG 
ACAGGTGGCCGGAGTAGGTGGAGGTGGTCTTGTAACACCTGCACGTCATGAACATGCCCC 



GlySerSerlleAlaSerTrpMall^ysTrpGluTyrValVall^uLeuPheLeuLeu 
24 1 TGGGGTCAAGCATCGCGTCCTGGGCCATTAAGTGGGAGTACGTCGTTCTCCTGTTCCTTC 
ACCCCAGTTCGTAGCGCAGGACCCGGTAATTCACCCTCATGCAGCAAGAGGACAAGGAAG 



I^uAlaAspAlaArgVal(^sSerCysr^uTrpMetMetieuLeuIleSerGlnAlaGlu 
301 TGCTTGCAGACGCGCGCGTCTGCTCCTGCTTGTGGATGATGCTACTC^TATCCCAAGCGG 
ACGAACGTCTGCGCGCGCAGACGAGGACGAACACCTACTACGATGAGTATAGGGTTCGCC 

Overlap with 14i 

MaAlal^uGluAsnl^uValllel^uAsnMaMaSerl^uMaGlyThrHisGlyLeu 
361 AGGCGGCTTTGGAGAACCTCGTAATACTTAATGCAGCATCCCTGGCCGGGACGCACGGTC 
TCCGCCGAAACCTCTTGGAGCATTATGAATTACGTCGTAGGGACCGGCCCTGCGTGCCAG 



Val 

421 TTGTATC 
AACATAG 
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FIG. 28 Translation of DNA 35 f 



Overlap with 39c 

LeuLysGluValLysAlaAlaAlaSerl^ 
TGCTCAAGGAGGTTAAAGCAGCGGCGTCAAAAGTGAAGGCTAACTTGCTATCCGTAGAGG 
ACGAGTTCCTCCAATTTCGTCG CCGCAG TTTTCACTTCCGATTG AACGATAGGCATCTCC 

MaCysSerLeuThrProProHisSerAlaLysSerLysPheGlyTyrGlyAlaLysAsp 
AAGCTTGC^GCCTGACGCCCCCACACTCAGCCAAATCCAAGTTTG 
TTCGAACGTCGGACTGCGGGGGTGTGAGTCGGTTTAGGTTCAAACCAATACCCCGTT^ 

ValArgC^sHisMaArgLysAlaValThrHisIleAsnSerValTrpLysAspLeuIieu 
ACGTCCGTTGCCATGCCAGAAAGGCCGTAACCCACATCAACTCCGTGTGGAAAGACCTTC 
TGCAGGCAACGGTACGGTCTTTCCGGCATTGGGTGTAG^^ 

GluAspAsnValThrProIleAspThrThrlleMetAlaLysAsnGluValPheCysVal 
TGGAAGACAATGTAACACCAATAGACACTACCATCATGGCTAAGAACGAGGTTTTCTGCG 
ACCTTCTGTTACATTGTGGTTATCTGTGATGGTAGTACCGATTCTTGCTCCAAAAGACGC 

GlnProGluLysGlyGlyArgLysProAlaArgLeuIleValPheProAspLeuGlyVal 
TTCAGCCTGAGAAGGGGGGTCGTAAGCCAGCTCGTCTCATCGTGTTCCCCGATCTGGGCG 
AAGTCGGACTCTTCCCCCCAGCATOCGGTCGAGC^GAGTAGCACAAGGGGCTAGACCCGC 

ArgValCysGluLysMetAlaLeuTyrAspValValThrLysLeuProLeuAlaValMet 
TGCGCGTGTGCGAAAAGATGGCTTTGTACGACGTGGTTACAAAGCTCCCCTTGGCCGTC 
ACGCGCACACGCTTTTCTACCGAAACATGCTGCACCAATGTTTCGAGGGGAACCGGCACT 

GlySerSerTyrGlyPheGlnTyrSerProGlyGlnArgValGluPheLeuValGlnMa 
TGGGAAGCTCCTACGGATTCCAATACTCACCAGGACAGCGGGTTGAATTCCTCGTGCAAG 
ACCCTTCGAGGATGCCTAAGGTTATGAGTGGTCCTGTCGCCCAACTTAAGGAGCACGTTC 

TrpLysSerLysLysThrProMetGlyPheSe^ 
CGTGGAAGTCCAAGAAAACCCCAATGGGGTTCTCGTATGATACCCGCTGCTTTGACTCCA 
GCACCTTCAGGTTCTTTTGGGGTTACCCCAAGAGCATACTATGGGC 

ValThrGluSerAspIleArgThrGluGluAla 
CAGTCACTGAGAGCGACATCCGTACGGAGGAGGCA 
GTCAGTGACTCTCGCTGTAGGCATGCCTCCTCCGT 
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FIG. 29 Translation of DNA 19g 



GluPhel^uValGlnMaTrpLysSer^^ 

1 GAATTCCTCGTGCAAGCGTGGAAGTCCAAGAAAACCCCAATGGGGTTCTCGTATGATACC 
CTTAAGGAGCACGTTCGCACCTTCAGGTTCTTTTC 

Ovexlap with 35f 

ArgCysPheAspSerThrValThrGluSerAspI^ 
61 CGCTGCTTTGACTCCACAGTCACTGAGAGCGACATCCGTACGGAGGAGGCAATCTAC^ 
GCGACGAAACTGAGGTGTCAGTGACTCTCGCTGTAGGCATGCCTCCTCCGTTAGATGGTT 

CysCysAspI^uAspProGlnMaArgVa^ 
121 TGTTGTGACCTCGACCCCCAAGCCCGCGTGGCCATCAAGTCCCTCACCGAGAGGCTTTAT 
ACAACACTGGAGCTGGGGGTTCGGGCGCACCGGTAGTTCAGGGAGTGGCTCTCCGAAATA 

ValGlyGlyProLeuThrAsnSerArgGlyGluAsnC^^ 
181 GTTGGGGGCCCTCTTACCAATTCAAGGGGGGAGAACTGCGGCTATCGCAGGTGCCGCGCG 
CAACCCCCGGGAGAATGGTTAAGTTCCCCCCTCTTGACGCCGATAGCGTCCACGGCGCGC 

SerGlyValLeuThrThrSerCysGlyAsnThrLeuThrCysTyrlleLysMaArgMa 
241 AGCGGCGTACTGACAACTAGCTGTGGTAACACCCTCACTTGCTACATCAAGGCCCGGGCA 
TCGCCGCATGACTGTTGATCGACACCATTGTGGGAGTGAACGATGTAGTTCCGGGCCCGT 

AlaCysArgAlaAlaGlyLeuGlnAspCysThrMetLeuValCysGlyAspAspLeuVal 
301 GCCTGTCGAGCCGCAGGGCTCCAGGACTGCACCATGCTCGTGTGTGGCGACGAC 

CGGACAGCTCGGCGTCCCGAGGTCCTGACGTGGTACGAGCACACACCGCTGCTGAATCAG 

VallleCysGluSerAlaGlyValGlnGluAspAlaAla 
361 GTTATCTGTGAAAGCGCGGGGGTCCAGGAGGACGCGGCGAG 
CAATAGACACTTTCGCGCCCCCAGGTCCTCCTGCGCCGCTC 
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FIG. 30 Translation of DNA 26g 



GlyGlyGluAsnC^sGlyTyrArgArgCysArgMaSerGlyValLeuThrThrSerCys 
1 GGGGGGGAGAACTGCGGCTATCGCAGGTGCCGCGCAAGCGGCGTACTGACAACTAGCTGT 
CCCCCCCTCTTGACGCCGATAGCGTCCACGGCGCGTTCGCCGCATGACTGTTGATC 



GlyAsnThrteuThrCysTyrlleLysAlaArgAlaAlaCysArgAlaAlaGlyLeuGIn 
61 GGTAACACCCTCACTTGTTACATCAAGGCCCGAGCAGCCTGTCGAGCCGCAGGGCTCCAG 
CCATTGTGGGAGTGAACAATGTAGTTCCGGGCTCGTCGGACAGCTCGGCGTCCCGAGGTC 

Overlap with 19g 

AspC^sThrMetLeuValCysGlyAspAspLeuValVallleCysGluSerAlaGlyVal 
121 GACTGCACCATGCTCGTGTGTGGCGACGACTTAGTCGTTATCTGTGAAAGCGCGGGGGTC 
CTGACGTGGTACGAGCACACACCGCTGCTGAATCAGCAATAGACACTTTCGCGCCCCCAG 



r , GlnGluAspAlaMaSerLeuArgAlaPheThrGluAlaMetThrArgTyrSerAlaPro 
W. - 181 CAGGAGGACGCGGCGAGCCTGAGAGCCTTCACGGAGGCTATGACCAGGTACTCCGCCCCC 

GTCCTCCTGCGCCGCTCGGACTCTCGGAAGTGCCTCCGATACTGGTCCATGAGGCGGGGG 

ProGlyAspProProGlnProGluTyrAspteuGlu^ 
241 CCTGGGGACCCCCCACAACCAGAATACGACTTGGAGCTCATAACATCATGCTCCTC 

GGACCCCTGGGGGGTGTTGGTCTTATGCTGAACCTCGAGTATTGTAGTACGAGGAGGTTG 

ValSerValAlaHisAspGlyAlaGlyLysArgValTyrTyrLeuThrArgAspProThr 
301 GTGTCAGTCGCCCACGACGGCGCTGGAAAGAGGGTCTACTACCTCACCCGTGACCCTACA 
CACAGTCAGCGGGTGCTGCCGCGACCTTTCTCCCAGATGATGGAGTGGGCACTGGGATGT 

ThrProLeuAlaArgMaAlaTrpGluTlirMaArgHisThrProValAsnSerTrpLeu 
361 ACCCCCCTCGCGAGAGCTGCGTGGGAGACAGCAAGACACACTCCAGTCAATTCCTGGCTA 
TGGGGGGAGCGCTCTCGACGCACCCTCTGTCGTTCTGTGTGAGGTCAGTTAAGGACCGAT 

GlyAsnllelleMetPheAlaProThrLeuTrpAla 
4 21 GGCAACATAATCATGTTTGCCCCCACACTGTGGGCG 
CCGTTGTATTAGTACAAACGGGGGTGTGACACCCGC 



FIG. 31 Translation of DNA 15e 



GlyAlaGlyLysArgValTyrTyrLeuThrAi^^ 
1 CGGCGCTGGAAAGAGGGTCTACTACCTCACCCGTGACCCTACAACCCCCCTCGCGAGAGC 
GCCGCGACCTTTCTCCCAGATGATGGAGTGGGCACTGGGATGTTGGGGGGAGCGCTCTCG 

Overlap with 26g 

AlaTrpGluThrAlaArgHisThrProValAsnSerTrpLeuGlyAsnllelleMetPhe 
61 TCCGTGGGAGACAGCAAGACACACTCCAGTCAATTCC 

ACGCACCCTCTGTCGTTCTGTGTGAGGTCAGTTAAGGACCGATCCGTTGTAOT 



AlaProThrLeuTa^)AlaArgMetIleLeuMetThrHisPhePheSerValLeuIleAla 
121 TGCCCCCACACTGTGGGCGAGGATGATACTGATGACCCATTTCTTTAGCGTCCTTATAGC 
ACGGGGGTGTGACACCCGCTCCTACTATGACTACTGGGTAAAGAAATCGCAGGAATATCG 

ArgAspGlnLeuGluGlnAlaLeuAspCysGluIleTyrGlyAlaCysTyrSerlleGlu 
181 CAGGGACCAGCTTGAACAGGCCCTCGATTGCGAGATCTACGGGGCCTGCTACTCCATAGA 
GTCCCTGGTCGAACTTGTCCGGGAGCTAACGCTCTAGATGCCCCGGACGATGAGGTATCT 

ProLeuAspLeuProProIlelleGlnArgLeu 
241 ACCACTTGATCTACCTCCAATCATTCAAAGACTC 
TGGTGAACTAGATGGAGGTTAGTAAGTTTCTGAG 
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FIG. 32" I COMBINED ORF OF DBAs 12f through 15e 



IlePheLysIleArgMetTyrValGlyGlyValGltiHisArgLeuGluAlaAlaCysAsn 
1 CCATATTT AAAATCAGG ATG TACGTGGG AG GGG TCGAACACAGGCTGGAAGCTG CCTGCA 
GGTATAAATTTTAGTCCTACATGCACCCTCCCCAGCTTGTGTCCGACCTTCGACGGACGT 

TrpThrArgGlyGluArg<^sAspI^uGluAspArgAspArgSerGluLeuSerProLe^ 
61 ACK^ACGCGGGGCGAACGTTGCGATCTGGAAGACAGGGACAGGTCCGAGCTCAGCCCGT 
TGACCTGCGCCCCGCTTGGAACGCTAGACCTTCTGTCCCTGTCCAGGCTCGAGTCGGGCA 

LeuLeuThrThrThrGln^^ 
121 TACTGCTGACCACTACACAGTGGCAGGTCCTCCCGTGTTCCTTCACAACCC 
ATGACGACTGGTGATGTGTCACCGTCCAGGAGGGCACAAGG 

SerThrGlyLeuIleHisI^uHisGlnAsn^^ 
181 TGTCCACCGGCCTCATCCACCTCCACCAG AACATTGTG G ACG TG CAGTACTTG TACGGGG 
ACAGGTGGCCGGAGTAGGTGGAGGTGGTCTTGTAACACCTGCACGTCATC 

GlySerSerlleAlaSerO^pMalleLysTrpGluTyrValValLeuI^ 
241 TGGGGTC^GCATCGCGTCCTGGGCCATTAAGTGGGAGTACGTCGTTCTCCTGTTCCTTC 
ACCCGAG TTCGTAG CGCAGG ACCCGGTAAT TCACCCTCATG CAGCAAG AGGACAAGGAAG 

LeuAlaAspAlaArgValCysSerCysLeuTrpMetMetl^uLeuIleSerGlnAlaGlu 
301 TGCTTGCAGACGCGCGCGTCTGCTCCTGCTTGTGGATGATGCT^ 

ACGAACGTCTGCGCGCGCAGACGAGGACGAACACCTACTACGATGAGTATAGGGTTCGCC 

MaAlaLeuGluAsaLeuVallleLe^ 
361 AGGCGGCTTTGGAGAACCTCGTAATACTTAATGCAGCATCCCTGGCCGGGACGCACGGTC 
TCCGCCGAAACCTCTTGGAGCATTATGAATTACGTCGTAGGGACCGGCCCTGCGTGCCA^ 

ValSerPheLeuValPhePheCysPheMaTrpTyrteuLysGlyLysTr^ValProGly 
421 TTGTATCCTTCCTCGTGTTCTTCTGCTTTGCAT^ 

AACATAGGAAGGAGCACAAGAAGACGAAACGTACCATAAACTTCCCATTCACCCACGGGC 

AlaValTyrThrPheTyrGlyMetTrpProLeiiLeuLeuLeiil^ 
481 GAGCGGTCTACACCTTCTACGGGATGTGGCCTCTCCTCCTGCTCCTGTTGGCGT 

CTCGCCAGATGTGGAAGATGCCCTACACCGGAGAGGAGGACGAGGACAACCGCAACGGGG 

ArgAlaTyrAlaLeuAspThrGluVal^^ 
541 AGCGGGCGTACGCGCTGGACACGGAGGTGGCCGCGTCGTGTGGCGGTGTTGTTCTCGTCG 
TCGCCCGCATGCGCGACCTGTGCCTCCACCGGCGCAGCACACCGCCA 

LeuMetAlaLeuThrl^uSerProTyrTyrLysArgTyrlleSerTrpC^ 
601 GGTTGATGGCGCTG ACTCTGTCACCATATTACAAGCGC TATATCAG CTGGTGCTTGTGGT 
CCAACTACCGCGACTGAGACAGTGGTATAATGTTCGCGATATAGTCGACCACGAACACCA 

LeuGljiTyrPheLeuThrArgValGluAlaGln^ 
661 GGCTTCAGTATTTTCTGACCAGAGTGGAAGCGCAACTGCACGTGTGGATTCCCCCCCTCA 
CCGAAGTCATAAAAGACTGGTCTCACCTTCGCGTTGACGTGCACACCTAAGGGGGGGAGT 

ValArgGlyGlyArgAspAlaVallleLeuLeiiMetCysAlaValHisProThrLeuVal 
721 ACGTCCGAGGGGGGCGCGACGCCGTCATCTTACTCATGTGTGCTGTACACCCGACTCTGG 
TGCAGGCTCCCCCCGCGCTGCGGCAGTAGAATGAGTACACACGACATGTGGGCTGAGACC 

PheAspIleThrLysLeiiLeuI^uMaValPheGlyProLeuTrpIlelieuGlnAlaSer 
781 TATTTGACATCACC^AATTGCTGCTGGCCGTCTTCGGACCCCTTTG 

ATAAACTGTAGTGGTTTAACGACGACCGGCAGAAGCCTGGGGAAACCTAAGAAGTTCGG^ 

LeuI^uLysValProTyrPheValJVrgValGlnGlyLe 
84 1 GTTTGCTTAAAGTACCCTACTTTGTGCGCGTCCAAGGCCTTCTC^ 

CAAACGAATTTCATGGGATGAAACACGCGCAGGTTCCGGAAGAGGCCAAGACGCGCAATC 

ArgLysMetlleGlyGlyHisTyrValGlnMetValllelleLysLeuGlyAlaLeuThr 
901 CGCGGAAGATGATCGGAGGCC^TTACGTGCAAATGGTCAT(^TTAAGTTAGGGGCGCTTA 
GCGCCTTCTACTAGCCTCCGGTAATGCACGTTTACCAGTAGTAATTCAATCCCCGCGAAT 
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GlyThrTyrValTyrAsnHi sLeuThr ProLeuArgAspTrpAlaHisAsnGlyLeuArg 
961 CTGGCACCTATGTTTATAACCATCTCACTCCTCTTCGGGACTGGGCGCACAACGGCTTK 
G ACCG TGGAT ACAAATATTGGT AGAGTG AGGAG AAGCCCTG ACCCG CGTG TTG CCGAACG 

AspLeuAlaValAlaValGluProValValPheSerGlnMetGluThrLysLeuIleThr 
1021 GAGATCTGGCCGTGGCTGTAG AGCCAG TCG TCTTCTCCCAAATGG AGACC^G CTCATCA 
CTCTAGACCGGCACCGACATCTCGGTCAGC^GAAGAGGGTTTACCTCTGGTTCGAGTAG^ 

TrpGlyAlaAspThrAlaAlaCysGlyAspIlelleAsnGlyLeuProVsaSerAlaArg 
1081 CGTGGGGGGCAGATACCGCCGCGTGCGGTGAC^TCATCAACGGCTTGCCTGTTTCCGCCC 
GCACCCCCCGTCTATGGCGGCGCACGCCACTGTAGTAGTTGCCGAACGGACAAAGGCGGG 

ArgGlyArgGluIleLeiiLeuGlyProAlaAspGlyMetValSerLysGlyTrpArgLea 
1141 GCAGGGGCCGGGAGATACTGCTCGGGCCAGCCGATdGAATG^ 

CGTCCCCGGCCCTCTATGACGAGCCCGGTCGGCTACCTTACCAGAGGTTCCCCACCTCCA 

LeuMaProIleThrAlaTyrAlaGlnGlnThrArgGlyLeuteuGlyC^sIlelleThr 
1201 TGCTGGCGCCCATCACGGCGTACGCCCAGCAGACAAGGGGCCTCCTAGGGTGCATAATCA 
ACGACCGCGGGTAGTGCCGCATGCGGGTCGTCTGTTCCCCGGAGGATCCCACGTATTAGT 

SerLeuThrGlyArgAspLysAsnGlnValGluGlyGluValGlnlleValSerThrAla 
1261 CCAGCCTAACTGGCCGGGACAAAAACCAAGTGGAGGGTGAGGTCCAGATTGTC 
GGTCGGATTGACCGGCCCTGTTTTTGGTTCACCTrc 

AlaGlnThrPheLeiiAlaThrC^sIleAsnGlyValCysTrpThrValTyrHisGlyAla 
13 21 CTGCCCAAACCTTCCTGGCAACGTGCATCAATGGGGTGTGCTGGACTC 
GAC&GGTTTGGAAGGACCGTTGCACGTAGTTACCCC 

GlyThrArgThrlleMaSerProLysGlyProVallleGlnMetTyrThrAsnValAsp 
1381 CCGGAACGAGGACCATCGCGTCACCCAAGGGTCCTGTCATCCAG 

GGCCTTGCTCCTGGTAGCGCAGTGGGTTCCCAGGACAGTAGGTCTACATATGGTTACATC 

GlnAspLeuValGlyTrpProAlaProGlnGlySerArgSerLeuThrProCysThrCys 
1441 ACCAAGACCTTGTGGGOTGGCCCGCTCCGCAAGGTAGCCGCTCATTGACACCCTGCACTT 
XGGTTCTGGAACACCCGACCGGGCGAGGCGTTCCATCGGCGAGTAACTGTGGGACGTGAA 

GlySerSerAspLeuTyrLeuValThrArgHisAlaAspVallleProValArgArgArg 
1501 GCGGCTCCTCGGACCTTTACCTGGTCACGAGGCACGCCGATGTCATTCCCGTGCGCCGGC 

CGCCGAGGAGCCTGGAAATGGACCAGTGCTCCGTGCGGCTACAGTAAGGGCACGCGGCCG . 

GlyAspSexArgGlySerLeuLeuSerProArgProIleSerTyrLeuLysGlySerSer 
1561 GGGGTGATAGCAGGGGCAGCCTGCTGTCGCCCCGGCCCATTTCCTACTTGAAAGGCTC 

CCCCACTATCGTCCCCGTCGGACGACAGCGGGGCCGGGTAAAGGATGAACTTTCCGAGGA 

GlyGlyProLeuLeuCysProAlaGlyHisAlaValGlyllePheArgAlaAlaValCys 
1621 CGGGGGGTCCGCTGTTGTGCCCCGCGGGGCACGCCGTGGGCATATTTAGGGCCGCGGTGT 
GCCCCCCAGGCGACAACACGGGGCGCCCCGTGCGGCACCCGTATAAATCCCGGCGCCACA 

ThrArgGlyValMaLysAlaValAspPKelleProValGluAsnLeuGluThrThrMet 
1681 GCACCCGTGGAGTGGCTAAGGCGGTGGACTTTATCCCTGTGGAGAACCTAGAGACAACCA 
CGTGGGCACCTCACCGATTCCGCCACCTGAAATAGGGACAC^ 

ArgSerProValPheThrAspAsnSerSerProProValValProGlnSerPheGlnVal 
1741 TGAGGTCCCCGGTGTTCACGGATAACTCCTCTCCACCAGTAGTGCCCCAGAGCTTCCAGG 
ACTCCAGGGGCCACAAGTGCCTATTGAGGAGAGGTGGTCATCACGGGGTCT^ 

AlaHisLeuHisAlaProThrGlySerGlyLysSerThrLysValProAlaAlaTyrAla 
1801 TGGCTCACCTCCATGCTCCCACAGGCAGCGGCAAAAGCACCAAGGTCCCGGCTGCAT^ 

ACCGAGTGGAGGTACGAGGGTGTCCGTCGCCGTTTTCGTGGTTCCAGGGCCGACGTATAC 

AlaGlnGlyTyrLysValLeuValLeuAsnProSerValAlaAlaThrLeuGlyPheGly 
1861 CAGCTCAGGGCTATAAGGTGCTAGTACTCAACCCC 

GTCGAGTCCCGATATTCCACGATCATGAGTTGGGGAGACAACGACGTTC 

AlaT^MetSerLysAlaHisGlylleAspProAsnlleArgThrGlyValArgThrlle 
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1921 GTGCTTACATCTCCAAGGCTCATGGGATCGATC^ 

CACGAATGTACAGGTTCCGAGTACCCTAGCTAGGATTGTAGTC 

ThrThrGlySerProIleThrTyrSerT 
19 81 TTACCACTGGCAGCCCCATCACGTACTCC^CCTACGGCAAGTTCCT 
AATGGTGACCGTCGGGGTAGTGCMGAGGTG^^ 

SerGlyGlyMaTyrAspIlellelleCysAspGluCysHisSerThrAspAlaThrSer 
2041 GCTCGGGGGGCGCTTATGACATAATAATTTGTGACGAGTGCCACTCCACGGATC 

CGAGCCCCCCGCGAATACTGTATTATTAAACACTGCTCACGGTGAGGTGCCTACGGTGTA 

IlelieuGlylleGlyThrValLeuAspGlnMaGluThrMaGlyAlaArgLeuValVal 
2101 CCATCTTCGGCATCGGCACTGTCCTTGACCAAGCAGA^ 

GGTAGAACCCGTAGCCGTGACAGGAACTGGTTCGTCTCTGACGCCCCCGCTCTGACCAAC 

I^uMaThrAlaThrProProGlySerValThrValProHisProAsnlleGluGluVal 
2161 TGCTTCCCACCGCC^CCCCTC^^ 

ACGAGCGGTGGCGG TGGGGAGGCCCGAGGCAGTGACACGGGGTAGGGTTG TAGCTCCTCC 

MaLeuSerThrThrGlyGluIleProPheTyrGlyLysAlalleProLeuGluVallle 
2221 TTGCTCTGTCCACCACCGGAGAGATCCCTTTTTACGGC^ 

AACGAG ACAGGTGGTGGCCTCTCTAGGGAAAAATGCCG TTCCG ATAGGGGGAGC TTCATT 

LysGlyGlyArgHisLeuIlePheCysHisSerLysLysLysCysAspGluLeuAlaAla 
2281 TCAAGGGGGGGAGACATCTCATCTTCTGTCATTCAA TCGCCG 
AGTTCCCCCCCTCTGTAGAGTAGAAGACAGTAAGTTTCTTCTTCAC 

LysLeuValAlal^uGlylleAsn^ 
2341 CAAAGCIX^TCGCATTGGGCATCAATGCC^ 

GTTTCGACCAGCGTAACCCGTAGTTACGGCACCX3GATGATGGCGCCAGAA 

IleProThrSerGlyAspValValValValMaT^ 
2401 TCATCCCGACCAGCGGCGATGTTGTCGTCGTGGCAACCGATGCCCTCATGACCGGCTATA 
AGTAGGGCTGGTCGCCGCTACAACAGCAGCArc^ 

GlyAspPheAspSerVallleAspCysAsnThrC^sValThrGlnThrValAspPh 
2461 CCGGCGACTTCGACTCGGTGATAGACTGCAATACGTGTGTCACCCAGACAGTC 
GGCCGCTGAAGCTGAGCGACTATCTGACGTTATGCACACAGTGGGTCTGTCA 

LeuAspProThrPheThrlleGluThrlleThrr^uProGlnAspAlaValSerArgT^ 
2521 GCCTTGACCCTACCTTCACCATTGAGACAATCACGCTC 

CGGAACTGGGATGGAAGTGGTAACTCTGTTAGTGCGAGGGGGTCCT 

GlnArgArgGlyArgThrGlyArgGlyLysProGlylleTyrArgPheValAlaPro^ 
2581 CTCAACGTCGGGGC^GGACTGGCAGGGGGAAGCCAGGCATCTACAGATTTC 

GAGTTGCAGCCCCGTCCTGACCGTCCCCCTTCGGTCCGTAGATGTCTAAACACC^ 

GluArgProSerGlyMetPheAspSerSerVa^ 
2641 GGGAGCGCCCCTCCGGCATGTTCGACTCGTCCGTCCTC 

CCCTCGQSGGGAGGCCGTACAAGCTGAGCAGGCAGGAGACACTCACGATACTGCGTCCG^ 

AlaTrpTyrGluteuThrPr^ 
2701 GTGCTTGGTATGAGCTCACGCCCGCCGAGACTACAGTTAGGCTACGAG 
CACGAACCATACTCGAGTGCGGGCGGCTCTGATGTC^TCCGATGCTC^ 

ProGlyl^uProValCysGlnAspHisLeuGluPheTrpGluGlyValPheThrGlyLeu 
2761 CCCCGGGGCTTCCCGTGTGCCAGGACCATCTTGAATTTTGGG 

GGGGCCCCGAAGGGCACACGGTCCTGGTAGAACTTAAAACCCTCCCGCAG 

ThrHisIleAspMaHisPhel^uSerGlnTto^ 
2821 TCACTCATATAGATGCCCACTTTCTATCCCAGAC 

AGTGAG TATATCTACGGGTGAAAGATAGGG TCTGTTTCGTCTCACCCCTCTTGG AAGGAA 

LeuValMaTyrGlnAlaThrValC^s^ 
2881 ACCTGGTAGCGTACCAAGCCACCGTGIGCGCTAGGGCTCAAGCCCCTCCCCCATCGTG^ 
TGGACCATCGCATGGTTCGGTGGCACACGCGATCCCGAGTTCG 
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GlnMetTrpLysC^sLeuIleArgl^uLysPro^ 
2941 ACCAGATG TGGAAG TGTTTG ATTCGCCTCAAGCCCACCCTCCATGGGCCAACACCCCTGC 
TGGTCTACACCTTCACAAACTAAGCGGAGTTCGGGTGGGAGG 

TyrArgLeuGlyMaValGliiAsnGluIleThrLeuThrHisProValThrLysTyrlle 
3001 TATACAGACTGGGCGCTGTTCAGAATGAAATCACCCTC 
ATATGTCTGACCCGCGACAAGTCTTACTTTAGTGGG^^ 

MetThrCysMet£erAlaAspLeuGluValVal^ 
3061 TCATGACATGCATGTCGGCC3GACCTGGAGGTCGTCACGAGCACCTC 
AGTACTGTACGTACAGCCGGCTGG&CCTCCAGCAGTGCTC^ 

ValLeuAlaMaLeuAlaAlaTyr(^sLeuSerThrGlyCy 
3121 GCGTCCTGGCTGCTTTGGCC^GTATTGCCTGTCAACAGGCTG 

CGCAGGACCGACGAAACCGGCGCATAACGGACAGTTGTCCGACGCACCAGTATCACCCGT 

ValValLeuSerGlyLysProAlallelleProAspArgGluValLeuTyrArgGluPhe 
3181 GGGTCGTCTTGTCCGGGAAGCCGGCAATCATACCTGACAGGGAAGTCCTCTACCGAGAGT 
CCCAGCAGAACAGGCCCTTCGGCCGTTAGTATGGACTGT^ 

AspGluMetGluGluCysSerGlnHisI^uPro^ 
3241 TCGATGAGATGGAAGAGTGCTCTCAGCACTTACCGTACATCGAGCAAGGGATGATGCTCG 
AGCTACTCTACCTTCTCACGAGAGTCGTGAATGGCATGTAGCTCGTTCCCTACTACGA 

GluGlnPheXiysGlnLysAlaLeuGlyl^uIieuGlnThrAlaSerArgGlnAlaGluV^ 
3301 CCGAGCAGTTCAAGCAGAAGGCCCTCGGCCTCCTGCAGACCGCGTC 
GGCTCGTCAAGTTCGTCTTCCGGGA^ 

IleAlaProAlaValGlnThrAsnTrpGli^ 
3361 TTATCGCCCCTGCTGTCCAGACCAACO^GGCAAAAACTCGAGACCTTCTGGGCGAAGCATA 
AATAGCGGGGACGACAGGTCTGGTTGACCGTTTTTGAGCTCTGGAA 

TrpAsnPhelleSerGlylleGlnTyrlieuAlaGlyLeuSerThrLeuProGlyAsnPro 
3421 TGTGGAACTTCATCAGTGGGATACAATACTTGGCGGGCTTGTCAACGCTGCC 

AC^CCTTGAAGTAGTCACCCTATGTTATGAACCGCCCGAACAGTTGCGACGGACCATT^ 

AlalleAlaSerl^uMetAlaPheThrAla^ 
3481 CCGCCATTGCTTCATTGATGGCTTTTACAGCTGCTGT(^ 

GGCGGTAACGAAGTAACTACCGAAAATGTCGACGACAGTGGTCGGGTGATTGGTGATCGG 

Thrl^uI^uPheAsnlleLeuGlyGlyTrpValAlaMaGliiteuM 
3541 AAACCCTCCTCTTCAACATATTGGGGGGGTGGGTGGCTG 

TTTGGGAGGAGAAGTTGTATAACCCCCCCACCCACCGACGG^ 

AlaThrAlaPheValGlyAlaGlyLeuAlaGlyAlaAlalleGlySerValGlyLeuGly 
3601 CCGCTACTGCCTTTGTGGGCGCTGG 

GGCGATGACGGAAACACCCGTOACOiAATCGACCGCGGCGGTAGCCGTCACAACCTGACC 

LysValteuIleAspIleteuMaGlyTyrGly^ 
3661 GGAAGGTCCTCATAGACATCCTTGCAGGGTATGGCGCGGGC 

CCTTCCAGGAGTATCTGTAGGAACGTCCCATACCGCGCCCGCACCGCCCTCGAGAACACC 

PheLysIleMetSerGlyGluValPrc£erThxGluA 
3721 CATTCAAGATCATGAGCGGTGAGGTCCCCTCCACGGAGGACCTGGTCAATCTACTGCCCG 
GTAAGTTCTAGTACTCGCCACTCCAGGGGAGGTGCCTCCTGGACCAGTTAGATGACGGGC 

IleLeuSexProGlyAlaLeuValValGlyValValCysAlaAlalleLeuArgArgHis 
3781 CCATCCTCTCGCCCGGAGCCCTCGTAGTCGGCGTGGTCTGTGCAGCAATACTGCGCCGGC 
GGTAGGAGAGC^GGCCTCGGGAGCZATCAGCCGCACCAGACACGTCG 

ValGlyProGlyGluGlyAlaValGlnTrpMetAsnArgLeuIleAlaPheAlaSerArg 
3841 ACGTTGGCCCGGGCGAGGGGGCAGTGCAGTGGATGAACCGGCTGATAGCCTTCGCCTCCC 
TGCAACCGGGCCCGCTCCCCC^TCACGTCACCTACTTGGCCXSACTATCGGAAGCGGAG^ 

GlyAsnHisValSerProThrHisTyrValProGluSerAspAlaAlaAlaArgValThr 
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3 901 GGGGGAACCATGTTTCCCCCACGCA^ 

CCCCCTTGGTACAAAGGGGGTCCETGATC 

AlalleLeuSerSerl^uThrValTh^ 
3961 CTGCCATACTCAGCAGCCTCACTGTAACCCAGCTCCTGAGGC 
GACGGTATGAGTCGTCGGAGTGAGATTGGGTCGAGGACTC^ 

SerGluCysThrThrProCysSexGlySerTrpLeuArgAspIleTrp^ 
4021 GCTCGGAGTGTACCACTCCATGCTCCGGTTCCTGGCTAAGGGACATCT 

CGAGCCTCACATGGTGAGGTACGAGGCCAAGGACCGATTCCCTGTAGACCCTGACCTATA 

GluValLeuSerAspPheLysThrTrpI^uLysAla^ 
4081 GCGAGGTGTTGAGCGACTTTAAGACCTGGCTAAAAGCTAAGCTCATGCCACAGCTC 
CGCTCCACAACTCGCTGAAATTCTGGACCGATTTTCGATTC 

IleProPheValSerCysGlnArgGlyTyrL^ 
414 1 GGATCCCCTTTGTOTCCTGCCAGCGCGGGTATAAGGGGGTC 

CCTAGGGGAAACACAGGACGGTCGCGCCCATATTCCCCCAGACCGCTCACCTC 

HisThrArgCysHisC^sGlyMaGluIleThrGlyHisValLysAsnGlyThrMetArg 
4201 TGCACACTCGCTGCCACTGTGGAGCTGAGATCAC 

ACGTGTGAGCGACGGTGACACCTCGACTCTAGTGACCTGTACAGTTOT 

IleValGlyProArgThrCysArgAsriMet^ 
4261 GGATCGTCGGTCCTAGGACCTGCAGGAACATGT^ 

CCTAGCAGCCAGGATCCTGGACGTCCTTCTACACCTCACCCTGGAAGGGG 

ThrThrGlyPrcCysThrPraLeuProMaProAsnTyrThr 
4321 ACACCACGGGCCCCTGTACCCCCCTTCCTGCGCCGAACTACACGT^ 

TGTGGTGCCCGGGGACATGGGGGGAAGGACGCGGCTTGATGTGCAAGCGCGATACCTCCC 

SerMaGluGluTyrValGluIleArgGlnValGlyAspPheHisTyrValThrGlyMe 
4381 TGTCTGCAGAGGAATATGTGGAGATAAGGCAGGTGGGGGACTTCCACTACGTGACGGGTA 
ACAGACGTCTCCTTA^CACCTCTATTCCGTCCACCCCCTGAAGGTGATGCACTGCCCAT 

ThrThrAspAsnl^uLysC^sProC^sGlnValProSerProGluPhePh 
4441 TGACTACTGACAATCTCAAATGCCCGTGCCAGGTCCCATCGCC 

ACTGATGACTGTTAGAGTTTACGGGCACGGTCCAGGGTAGCGGGCTTAAAAAGTGTCTTA 

AspGlyValArgLeuHisArgPheMaProPr^ 
4501 TGGACGGGGTGCGCCTACATAGGTTTGCGCCCCCCTGCAAGCCCTTGCTGCGGGAGGAGG 
ACCTGCCCCACGCGGATGTATCCAAACGCGGGGGGACGTTCGGGAACGACGCCCTC 

SerPheAr^alGlyLeuHisGluTyrPr^^ 
4561 TATCATTCAG AGTAGGACTCCACGAATACCCGGTAGGG TCGCAATTACCTTG CG AGCCCG 
ATAGTAAGTCTCATCCTGAGGTGCTTATGGGCCATCCCAGCGTTAATGG 

ProAspValMaVallieuThrSerMetJteuThrAspProSerHisIleThrAlaGluAl 

4621 aaccggacgtggccgtgttgacgtccatgctcactgatccctcccatataacag^ 
ttggcctgcaccggcacaactgcaggtac^ 

AlaGlyArgArgl^uAlaArgGlySerProProSerValAlaSerSerSerAlaSerGln 

4681 cggccgggcgaaggttggcgaggggatc^cccccctctgtggccagc^^ 

gc(xgcccgcttc(^c(xctcccctagtggggggagacaccggtcgaggagccgatcgg 

LeuSerMaProSerLeuLysMaThrCysThrAlaAsnHisAspSerProAspAlaGlu 
4741 AGCTATCCGCTCCATCTCTCAAGGCAACTTGCACCGCT 

TCGATAGGCGAGGTAGAGAGTTCCGTTGAACGTGGCGATTGGTACTGAGGGGA 

LeuIl^luAlaAsnLeuLeuTrpArgGlnGluMetGlyGlyAsnlleThrArgValGlu 
4801 AGCTCATAGAGGCCAACCTCCTATGGAGGCAGGAGATGGGCGGCAACATCACCA^ 
TCGAGTATCTCCGGTTGGAGGATACCTCCGTCCTCTACCCGCCGTTCTAGTGGTC 

SerGluAsnLysValVallleLeuAspSerPheAspProLeuValAlaGluGluAspGlu 
4861 AGTCAGAAAACAAAGTGGTGATTCTCGACTCCTTCGATCCGCTTCTGGC 
TCAGTCTTTTGTOTCACCACTAAGACCTGAGGAAG 
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ArgGluIleSerValProMaGluIleLeuArgLysSerArgArgPheAlaGlnAlaLeu 
4921 AGCGGGAGATCTCCGTACCCGCAGAAATCCTGCGGAAGTCTCGGAGATTCGCCCAGGCCC 
TCGCCCTCTAGAGGCATGGGCGTCTTTAGGACGCCTTCAGA 

ProValTrpAlaArgProAspTyrAsnProProLeuValGluThrTrpLysLysProAsp 
4981 TGCCCGTTTGGGCGCGGCCGGACTATAACCCCCCGCTAGTGGAGACGTGGAAAAAGCCCG 
ACGGGCAAACCCGCGCCGGCCTGATATTGGGGGGCGATCACCTCTGCACCTTTTTCGGGC 

TyrGluProProValVcilHisGlyCysProLeuProProProLysSerProProValPro 
5041 ACTACGAACCACCTGTGGTC(^TGGCTGTCCQCTTCCACCTC(^^GTCCCCTCCTGTGC 
TG ATGCTTGGTGG ACACCAGGTACCG ACAGGCGAAGG TGG AGG TTTCAGGGG AG G ACACG 

ProProArgLysLysArgThrValValLeuThrGluSerThrl^uSerThrAlaLeuAla 
5101 CTCCGCCTCGGAAGAAGCGGACGGTGGTCCTCACTGAATCAACCCTATCTACTGCCTT^ 
GAGGCGGAGCCTTCTTCGCCTGCCACCAGGAGTGACTTAGTTGGGATAGATGACGGAACC 

GluLeuMaThrArgSerPheGlySerSexSerThrSerGlylleThrGlyAspAsnThr 
5161 CCGAGCTCGCCACCAGAAGCTTTGGCAGCTCCTCAACTTCCGGCATTACGGGCGACAATA 
GGCTCGAGCGGTGGTCTTCGAAACCGTCGAGGAGTTGAAGGCCGTAATGCCCGCTGTTAT 

ThrThrSerSerGluProAlaProSerGlyCysProProAspSerAspAlaGluSerTyr 
5221 CGACAACATCCTCTGAGCCCGCCCC1TCTGGCTGCCCCCCCGACTCCGACGCTGAGTCCT 
GCTGTTGTAGGAGACTCGGGCGGGGAAGACCGACGGGGGGGCTGAGGCTGCGACTCAGGA 

SexSerMetProProLeuGluGlyGluProGlyAspProAspLeuSerAspGlySerTrp 
5281 ATTCCTCCATGCCCCCCCTGGAGGGGGAGCCTGGGGATCCGGATCTTAGCGACGGGTCAT 
TAAGGAGGTACGGGGGGGACCTCCCCCTCGGACCCCTAGGCCTAGAATCGCTCCCCAGTA 

SerThrValSexSerGluAlaAsnAlaGluAspValValCysCysSerMetSerTyrSer 
5341 GGTCAACGGTC^TAGTGAGGCCAACGCGGAGGATGTCGTGTGCTGC 

CCAGTTGCCAGTCATCACTCCGGTTGCGCCTCCTACAGCACACX5ACGAGTT 

TrpThrGlyAlaLeuValThrProCysAlaMaGluGluGlnLysLeuProlleAsnAla 
54 01 CTTGGACAGGCGCACTCGTCACCCCGTGCGCCGCGGAAGAACAGAAACTGCCCATCAATG 
GAACCTGTCCGCGTGAGCAGTGGGGCACGCGGCGCCTTCTTGTCTTTGACGGGTAGTTAC 

LeuSerAsnSexLeuI^uArgHisHi 
5461 CACTAAGCAACTCGTTGCTACGTCACCACAATTTGGTGTATTCCACCACCTCACGCAGTG 
GTCATTCGTTCAGCAACXSATGCAGTGGTGTTAAACCAC^ 

C^sGlnArgGlnLysLysValThrPheAspA^ 
5521 CTTGCCAAAGGCAGAAGAAAGTCACATTTCACAGACTC 
GAACGGTTTCCGTCTTCTTTCAGTGTAAACTG 

AspValLeuLysGluValLysMaAlaAlaSerLysValLysMaAsnLeuLeuSerVal 
5581 AGGACGTACTCAAG GAGGTTAAAGCAGCGGCGTCAAAAGTG AAGGC TAACTTGC TATCCG 
TCCTGCATGAGTTCCTCCAATTTCGTCGCCGCAGTTTTCACTTC 

GluGluAlaC^sSerLeuThrProProHisSerAlaLysSerLysPheGlyTyrGlyAla 
5641 TAGAGGAAGCTTGCAGCCTGACGCCCCCACACTCAGC^ 

ATCTCCTTCGAACGTCGGACTGCGGGGGTGTGAGTCGG TTTAGG TTCAAACCAATACCCC 

LysAspValArgCysHisAlaArgLysAlaValThrHisIleAsnSerValTrpLysAsp 
5701 CAAAAGACGTCCGTTGCCATGCCAGAAAGGCCGTAACCCACATCAACTCCGTGTGGAAAG 
GTTTTCTGCAGGCAACGGTACGGTCTTTCCG^ 

LeuLeuGluAspAsnValThrProIleAspTlxrThrlleMetAlaLysAsnGluValPhe 
5761 ACCTTCTGGAAGACAATGTAACACCAATAGACAC^ 
TGGAAGACCTTCTGTTACATTCTGGTTATC 

CysValGlnProGluLysGlyGlyArgLysProAlaArgLeuIleValPheProAspLeu 
5821 TCTGCGTTCAGCCTGAGAAGGGGGGTCGTAAGCCAGjCTCGTC^ 
AGACGCAAGTCGGACTCTTCCCCCCAGCATTCGGTCGAGCAG 

GlyValArgValCysGluLysMetAlaLeuTyrAspValValThrLysLeuProLeuAla 

FIG. 32-6 



EP 0 318 216 A1 




5881 TGGGCGTGCGCGTGTGCGAAAAGATGGCTTTGTACGACGTCGTT^ 
ACCCGCACGCGCA(^CGCTTTTCTACCGAAACATGCTGCACCAATC 

ValMetGlySerSerTyrGlyPheGl^ 
5941 CCGTGATGGGAAGCTCCTACGGATTCCAATACTC^ 
GGGACTACCCTTCGAGGATGCCTAAGGTT^ 

GlnAlaTrpLysSerLysLysThrPraMet^ 
6001 TGCAAG CGTGG AAG TCCAAG AAAACCCCAATGGGGTTC TCGTATG ATACCCGCTGCTTTG 
ACGTTCGCACCTTCAGGTTCTTTTGGGGTTAC^ 

SerThrValThrGluSerAspIleArgThrGlu^ 
6061 ACTCCACAGTCACTGAGAGCGACATCCGTACGGAGGAGGCAATC 

TGAGGTGTCAGTGACTCTCGCTGTAGGCATCCCTCCTCCGTTAGATGGTTACAACACT^ 

AspProGlnAlaArgValAlalleLysSexLeuT^ 
6 121 TCGACCCCCAAGCCCGCGTGGCCATC^GTCCCTC^CCGAGAGGCTTTATGTTGGGGGC^ 
AGCTGGGGGTTCGGGCGCACCGGTAGTTCAGGGAGTGGCTC 

LeuThrAsnSerArgGlyGluAsnCysGlyTyrArgArgCysArgAlaSerGlyVa 
6181 CTCTTACCAATTCAAGGGGGGAGAACTGCGGCTATCGCAGGTGC 
GAGAATGGraAAGTTCCCCCCTCTTGACGCCGATAGCGTCC^ 

ThrThrSerCysGlyAsnThrLeuThrCysTyrlleLysMaArgAlaAlaC^ 
6241 TGACAACTAGCTGTGGTAACACCCTCACTTGCTACATCAAGGCCCGGG 
ACTGTTGATCGACACCATTGTGGGAGTGAAraATGTAGTTCCGG^ 

AlaGlyLeuGlnAspCysThi^tl^uVa^ 
6301 CCGCAGGGCTCCAGGACTGCACCATGCTCGTG 

GGCGTCCCGAGGTCCTGACGTGGTACGAGCACACACCGCTGCTC 

SerAlaGlyValGlnGluAspMaMaSerLeuArgMaPheThrGluAlaMetThrArg 
6361 AAAGCGCGGGGGTCCAGGAGGACGCGGCGAGCCTGAGAGCCTTCACGGAGGCTATGACCA 
TTTCGCGCCCCCAGGTCCTCCTGCGCCGCTCGGACTCTCGGAAGTGCCTCCGATACT 

TyrSerAlaProProGlyAspProPrcX31nProGlu^^ 
64 21 GGTACTCCGCCCCCCCTGGGGACCCCCCACAACC^ 

CCATGAGGCGGGGGGGACCCCTGGGGGGTGTTGGTCTTATGCTGAACCTra 

CysSerSerAsnValSerValMaHisAspGlyMaGlyLysArgValTyrTyrLeuTte 
64 81 CATGCTCCTCCAACGTGTCAGTCGCCCACG^ 

GTACGAGGAGGTTGCACAGTCAGCGGGTGCTGCCGCGACCTTTC 

ArgAspProThrThrProI^uAlaArgMaAlaTrpGluThrMaArgHisThrProVal 
6541 CCCGTGACCCTACAACCCCCCTCGCGAGAGCTGCGTGG^^ 

GGGCACTGGGATGTTGGGGGGAGCGCTCTCGACGCACCCTCTGTCGTTC 

AsnSerTrpI^uGlyAsnllelleMetPheAl 
6601 TQVATTrcTGGCTAGGCAACATAATCATC 

AGTTAAGGACCGATCCGTTGTATTAGTACAAACGGGGGTC 

MetThrHisPhePheSerValLeuIleAl 
6661 TGATGACC(^TTTCTTTAGO;TCCTTATAGCCAGGGAC(^GCTTGAACAGGCCCTCGATO 
ACTACTGGGTAAAGAAATCGCAGGAATATCGGTCCCTGGTC^ 

GluIleTyrGlyAlaCysTyrSerlleGluProLeuAspI^uProProIlelleGlnArg 
67 21 GCGAGATCTACGGGGCCreCTACTCCATAGAACCACTTGATCTACCTC 

CGCTCTAGATGCCCCGGACGATGAGGTATCTTGGTGAAOTAGATGGAGGT 

Leu 

6781 GACTC - |r - Q _ 

ctgag NO. 3d~7 
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C 




FIG. 33 LEGEND 



Lane 
Number 


Chimp 
Reference 
Number 


Infection 
Type 


Sample 
date (days) 
( O'inoculation 
day) 


ALT (alanine) 
aminotrans f erase 
level in sera) mu/rol ) 


1 




NANB 


0 


9 


2 




NANB 


76 


71 


3 


| 


NANB 


118 


19 


4 




NANB 


154 


N/A 


5 




NANB 


0 


5 


6 




NANB 


21 


52 


7 


\ 


NANB 


73 


13 


8 




NANB 


138 


N/A 


9 


3 


NANB 


0 


8 


10 




NANB 


43 


205 


1 1 




NANB 


53 


14 


12 


3 


NANB 


159 


g 


1 3 




NANB 


-3 


11 


1 4 


4 


NANB 


55 


132 


1 5 




NANB 


83 


N/A 


16 




NANB 


140 


N/A 


J / 




HAV 


0 


4 


1 A 
1 0 

19 




HAV 


25 


147 


s 


HAV 


40 


18 


20 


5 


HAV 


268 


5 


•» i 




HAV 


-8 


N/A 


O "J 




HAV 


15 


106 


23 




HAV 


4 1 


1 0 


24 




HAV 


129 


N/A 


ZD 




HAV 


0 


7 


I / 


1 


HAV 


22 


83 


0 Q 
& O 




HAV 


115 


5 


29 




HAV 


139 


N/A 


30 


8 


HAV 


0 


15 


31 


8 


HAV 


26 


no 


32 


8 


HAV 


74 


8 


33 


8 


HAV 


205 


5 


34 


9 


HBV 


-290 


N/A 


35 


9 


HBV 


379 


9 


36 


9 


HBV 


435 


6 


37 


10 


HBV 


0 


8 


38 


10 


HBV 


111-118 (pool) 


96-156 (pool) 


39 


10 


HBV 


205 


9 


40 


10 


HBV 


240 


13 


41 


11 


HBV 


0 


11 


42 


11 


HBV 


28-56 (pool) 


8-100 (pool) 


43 


11 


HBV 


169 


9 


44 


11 


HBV 


223 


10 
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FIG. 34 LEGEND 

Patient 
Lane Reference 



Number 


Number 




Diaqnosis 


ALT Level 


1 


i 1 




NANB 


13S4 


2 


ii 




NANB 


31 


3 


2* 




NANB 


14 


4 


2l 




NANB 


79 


5 


2l 




NANB 


26 


6 


- 1 




NANB 


78 


7 


3l 




NANB 


87 


8 


31 




NANB 


25 


9 


4l 




NANB 


60 


10 


4 L 




NANB 


13 


11 


5l 




NANB 


298 


12 


5l 


* 


NANB 


101 


13 


61 




NANB 


474 


14 


61 




NANB 


318 


15 • 


7l 




NANB 


20 


16 


7l 




NANB 


163 


17 


8* 




NANB 


44 


18 


81 




NANB 


50 


19 


9 




NANB 


N/A 


20 


10 




NANB 


N/A 


21 


11 




NANB 


N/A 


22 


12 




Normal 


N/A 


23 


13 




Normal 


N/A 


24 


14 




Normal 


N/A 


26 


30174 




Normal 


N/A 


27 


30105 




Normal 


N/A 


28 


30072 




Normal 


N/A 


29 


30026 




Normal 


N/A 


30 


30146 




Normal 


N/A 


31 


30250 




Normal 


N/A 


32 


30071 




Normal 


N/A 


33 


15 




AcuteHAV 


N/A 


34 


16 




AcuteKAV 


N/A 


35 


17 




AcuteHAV 


N/A 


36 


18 




AcuteHAV 


N/A 


37 


48088 




AcuteHAV 


N/A 


38 


47288 




AcuteHAV 


N/A 


39 


47050 




AcuteHAV 


N/A 


40 


46997 




AcuteHAV 


N/A 


41 


19 


Convalescent HBV 


N/A 


42 


20 


(anti-HBSag+ve; 


N/A 


43 


21 


anti 


-HBCag+ve) 


N/A 


44 


22 


( anti-HBSag+ve ; 


N/A 


45 


23 


anti-HBCag+ve) 


N/A 


46 


24 


(anti- 


-HBSag+ve; 


N/A 


47 


25 


anti* 


-HBCag+ve) 


N/A 


48 


26 


( anti-HBSag+ve ; 


N/A 


49 


27 


anti- 


-HBSag+ve) 


N/A 



Sequential serum samples were assayed from these patients 



EP 0 318 216 A1 




EP 0 318 216 A1 



FIG. 35 



SphI 12350, 
Ncol 11806, 




2U 



Xbal 
10727, 

Hind3 

10413 



IR 



Clal* 1 

Hind3 1 _ 
_ stl 212 



fcol 439 



URA3 



5mal 1113 
Ilnd3 1173 

Bamhl 1519 
SphI 1706 
Sail 179S 




Pvul 
9675 _J 



2u 



pAB24 



Hind3 
9099. 

Ecorl 
9023 

Ncol 8484. 

Ecorl 8260. 

Kpnl 7870 . 
Clat 7774, 



LEU2-d 



PVUI7483. 
Hpal 7248, 



2u 



IR 



2u 



amp 



)al 6267^ 



»s« 4753 
il 4879 



Scorl 5505 
SClal 5530 
Jcorl 5565 

Zind3 5669 



EP 0 318 216 A1 



IG, 3 6 -I COOH- terminus of SOD-C100 Fusion Polypeptide 

SOD COOH] [ — adaptor ] [NANBHpolypeptide> 

AlaCysGlyVallleGlylleAlaGlnAsnl^iiGlylleArgAspAlaHisPheLeuSer 
1 GCTTGTGGTGTAATTGGGATCGCCCAGAATTTGGGAATTC 
CGAACACCACATTAACCCTAGCGGGTCTTAAACCCTTAAGC^ 

»»»>»»»>»»>» 
GlnThrLysGlnSertlyGluAsnl^uProTyr^ 
61 CAGACAAAGCAGAGTGGGGAGAACCTTCCTTACCTGGTAGCGT^ 
GTCTGTTTCGTCTCACCCCTCTTGGAAGGAATCGACCATCGCA 

AlaArgMaGlnAlaProProPrt^erTrpAspGlnMetTrpLysCy 
121 GCTAGGGCTCAAGCCCCTCCCCCATCGTGGGACCAGATGTGGAAGTC 

CGATCCCGAGTTCGGGGAGGGGGTAGCACCCTGGTCTACACCTTCACAAAC 

LysProThrl^uHisGlyProThrProLeuLe^^ 
181 AAGCCCACCCTCCATGGGCCAACACCCCT 

TTCGGGTGGGAGGTACCCGGTTGTCGGGACGAOMGTCTGACCCGC 

IleThrLeuThrHisProValThrL^^ 
241 ATCACCCTGACGCACCCAGTCACCAAATACATCATGACATC 
TAGTGGGACTGCGTGGGTCAGTGGTTTATGTAGTACTG^ 

ValValThrSerThrTrpVall^uValGl^ 
301 GTCGTCACGAGCACCTGGGTGCTCGTTGGCGGCGTC 

CAGCAGTGCTCGTGGACCCACGAGCAACCGCCGCAGGACCGACGAAACCGG 

I^uSerThrGlyCysValVallleValGlyArgValVall^uSexGlyLysProAlalle 
361 CTGTCAACAGGCTGCGTGGTCATAGTGGGCAGGGTCGTCTTC 
GACAGTTGTCCGACGCACCAGTATCACCCGTCCC^^ 

IleProAspArgGluValLeuaryrArgGluPheAs^^ 
421 AIACCTGACAGGGAAGTCCTCTACCGAGAGTTCGATGAGATGGAAGAGTGCTC 
TATGGACTGTCCCTTCAGGAGATGGCTCTCA 

LeuProTyrlleGluGlnGlyMetMetLeuA^ 
481 TTACCGTACATCGAGCAAGGGATGATGCTCGCCGAGCAGTTC^ 
AATGGCATGTAGCTCGTTCCCTACTACGAGCGGCTCGTCAAGOT 

I^uLeuGlnThrMaSerArgGlnAlaGluVallleM 
541 CTCCTGCAGACCGCGTCCCGTCAGGCAGAGGTTATC 
GAGGACGTCTGGCGCAGGGCAGTCCGTCTCCAA31AG 

GlnLysLeiiGluThrPheOJrpAlaLysHi^MetTrpAsnPhelleSert 
601 CAAAAACTCGAGACCTTCTGGGCGAAGCAXATC 

GTTTTTGAGCTCTGGAAGACCCGCTTCGTATACACC^ 

LeuAlaGlyl^uSerThrl^uProGlyAsnPraAla 
661 TTGGCGGGCTTGTCAACGCTGCCTGGTAACCCCGCCATTC 
AACCGCCCGAACAGTTGCGACGGACCATTGGG 

Ale^aValThrSerProI^uThrThrSerGlnO^ 
721 GCTGCTGTCACCAGCCCACTAACCACTAGCCAAACCCTCCTCT 
CGACGACAGTGGTCGGGTGATTGGTGATCGGTTTGG^ 

TrpValAlaAlaGlnl^uAlaMaProGlyAlaAlaThrAlaPheValGlyAlaGlyLeu 
781 TGGGTGGCTGCCCAGCTCGCCGCCCCCGGTGCCGCTACTGCCTTTC 

ACCCACCGACGGGTCGAGCGGCGGGGGCCACGGCGATGACGGAAACACCCGCGACCGAAT 

AlaGlyAlaAlalleGlySerValGlyLeuGlyLysValLeuIleAspIleLeuAlaGly 
841 GCTGGCGCCGCCATCGGCAGTGTTGGACTGGGGAAGCT 
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CGACCGCGGCGGTAGCCGTCACAACCTGACCCCTTCCAGGAGTATCTC 

TyrGlyAlaGlyValMaGlyAlaLeuValAlaPh^ysIl^letSerGlyGluValPro 
901 TATGGCGCGGGCGTGGCGGGAGCTCTTGTGGCATTCAAGATCAT^ 
ATACCGCGCCCGCACCGCCCTCGAGAAC^ 

SerThrGluAspLeuValAsnLeuLeuProAlaneLeuSerPr^ 
961 TCCACGGAGGACCTGGTCAATCTACTGCCCGCCATCCTCT 
AGGTGCCTCCTGGACCAGTTAGATGACGGGCGGTAC^^ 

GlyValValCysAlaAlalleLeuArgArgHisValGlyProGlyGliiGlyAlaValGln 

1021 GGCGTGGTCTGTGCAGCAAIACTGGGCC^ 

CCGCACCAGACACGTCGTTATGAGGCGGCCGTGCAACCGG 

<«««<««<«<<«<NANBH] [ extra 

TrpMetAsnArgLeuIleAle^heAlaSerArgGlyAsnHlsValSerPro^ 
1081 TGGATGAACCGGCTGATAGCCTTCGCCTCCCGGGGGAA 
ACCTACTTGGCCGACTATCGGAAGCGGAGGGCCCCC^ 

] 

LysArgOP 

1141 AAGCGTTGACGCTCCCTACGGGTGGAGTGTCGAGAG 

TTCGCAACTGCGAGGGATGCCCACCTGACACCTCTCTC 

1201 CTCAGCCATGCATCGAGGGGTACAATCCGTATGGCCAACAACTAGC 
GAGTCGGTACGTAGCTCCCCATGTTAGGCATACCGGTO 

1261 TCCTTTCTCGATGGTCCAIACCT^ 

AGGAAAGAGCTACCAGGTATGGAATCTACGCAATCGT^ 



FIG. 36-2 
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FIG. 

4»b 
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FIG. 41-1 

Homology between the HCV polypeptide encoded by combined ORF of clones 
14i through 39c) ^nd the non-structural protein of the Dengue flavi- 
virus(MNWVDl). 



HCV 
MNWVD1 

HCV 
MNWVD1 

HCV 
MNWVD1 

HCV 
MNWVD1 

HCV 
MNWVD1 

HCV 
MNWVD1 

HCV 
MNWVD1 

HCV 
MNWVD1 

HCV 
MNWVD1 



10 20 30 40 50 

EYVVLLPLLIJU)ARVCSCLWMMLL 

AVSFVTLITGNMSFRDI/3RVMVMVGA1MTDDIGMG 

130 140 150 160 170 180 

60 70 80 90 100 110 

WYLKGKWVPGAVYTFYGMWPI^ 

TSKELMMTTIGIVLLSQSTIPET^ 

190 200 210 220 230 240 

120 130 140 150 160- 170 

KRYISWCLWWLQYFXiTRV^ 

NAVILQNAWKVSCTILAVVSVSPLFLTSSQQKA^ 

250 260 270 280 290 

180 190 200 210 220 230 

FGPLWILQASLLKVPYF-WVQGI 



KKRS WPLNEA IMAVGMVS ILAS SLLKNDI PMTG PLVAGGLLTVCYV--LTG RS ADLELERA 
300 310 320 330 340 350 

240 250 260 270 280 290 

TPLRDWAHNGLRDIiAVAVTSPVWSQM^ I INGLPVS ARRG RE ILLG 



ADVK-WEDQAEISGSSPILSITISE-DGSMSIKNEEEEQTLTILIRTGIiLVISG LFP 

360 370 380 390 400 410 

300 310 320 330 340 350 

PADGMVSKGWRLLAPITAYAQQTRGL^ 

VSIPITAAAWYLWEVKKQRAGVLWEW 

420 430 440 450 460 470 



360 370 380 390 

INGVCWTVYHGAGTRTIASPKGPVTQMYTNVDQDLV- 



400 410 
-GWPAPQGSRSLTPCTCGSSD 



KEGTFHTMWHVTRGAVLMHKGKRIEPS^^ 

480 490 500 510 520 530 

420 430 440 450 460 470 

LYLVTRHADVIPVRRRGDSRGSLLSPR^^ 



PGKNPRAVQTKPGLFKTN — AGTIGAVSLDFSPGTSGSPIIDKKGKWGLYGNGWTRSG 
540 550 560 570 580 590 

480 490 500 510 520 530 

AKAVDFI PVENLETTMRS PVFTDNSS PPWPQSFQVAHLHAPTGSGKS — TKVPAAYAAQ 



AYVSAIAQTEK— SIEDNPEIEDDIFRK- 
600 610 



-RKLTIMDLHPGAGKTKRYLPAIVRGAIKR 
620 630 640 



540 



550 



560 



570 



580 
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HCV GYKVLVLNPS — VAATI£FGAYMSKAHGn>PNIRTGVRT^ 

MNWVD1 CT,R^TIAPTRV^^^^^AT,R(TLP IRYQTPAIRAEHTCREIVDI2iCHATFTMRLL-S PV 

650 660 670 680 690 700 

590 600 610 620 630 640 

HCV SGGAYDIIICDECHSTDATSILGIGTVIJX^AETAGARLVVIATATPPG 

"X. 3 • * S • 5* 5 • • S • • •• •«!••!! • * • 'V » 

MNWVD1 RVPNY^II*mEAHFTDPAS:^^ 

710 720 730 740 750 760 

650 660 670 680 690 700 

HCV ALSTTGEIPFYGKAIPLEVTKGGRHLI^ 



MNWVD1 IMDEEREIPERSWSSGHEWVTDFKGKT^ 

770 780 790 800 810 820 

710 720 730 740 750 760 

HCV IPTSGIJWVVATDALMTC 

MNWVD1 SEYVKTRTNDWNFVVTTDISEMGANFKAER^ 

830 840 850 860 870 880 

770 780 790 800 810 820 

HCV QRRGRTGRGKPGIYRFVAPGERPSGMFDSSVI£ECYDA 

MNWVD1 SS 



FIG. 41-2 



EP 0 318 216 A1 



FIG. 43 

DISTRIBUTION OF RANDOM SAMPLES 

C 100-3 Ag ELISA Preclinical Kit 

416ng C100/WELL. 2 HRS 37°C, 20ul SAMPLE 
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FIG. 44 

Distribution of P.P. Values for 
Random Blood Donor Samples Tested with Two ELISA 

Configurations 

C100-3 Ag ELISA MoAB vs Polyclonal 
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FIG. 45 

Name Common Sequence Variable Sequence 

>'-3-l AAGCTTGATCGAATTC CGATCTTGC 

-2 CGATCCTGC 

-3 CGATCATGC 

-4 CGATCGTGC 

-5 CGAAGTTGC 

-6 CGAAGCTGC 



-7 AGATCTTGC 

-8 AGATCCTGC 

-9 AGATCATGC 

-10 AGATCGTGC 

-11 AGAAGTTGC 

-12 AGAAGCTGC 

-13 CGATCTTGT 

-14 CGATCCTGT 

-15 CGATCATGT 

-16 CGATCGTGT 

-17 CGAAGTTGT 

-18 CGAAGCTGT 

-19 AGATCTTGT 

-20 AGATCCTGT 

-2 1 AGATCATGT 

-22 AGATCGTGT 

-23 AGAAGTTGT 

-24 AGAAGCTGT 

-25 CGCTCTTGC 

-26 CGCTCCTGC 

-27 CGCTCATGC 

-28 CGCTCGTGC 

-29 CGCAGTTGC 

-30 CGCAGCTGC 

-31 CGCTCTTGT 

-32 CGCTCCTGT 

"33 CGCTCATGT 

-34 CGCTCGTGT 

-35 CGCAGTTGT 

-36 CGCAGCTGT 
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FIG. 46" I Translation of DNA k9-l 

GlyCysProGluArgLeuMaSerCysArgProI^uThrAspPheAspGlnGlyTrpGly 
1 CAGGCTGTCCTGAGAGGCTAGCCAGCTGCCGACCCCTTACCGATTTTGACCAGGGCTGGG 
GTCCGACAGGACTCTCCGATCGGTCGACGGCTGGGGAATGGCTAAAACTGGTCCCGACCC 

ProIleSerTyrAlaAsnGlySexGlyProAspGlnArgProTyrCysTrpHisTyrPro 
61 GCCCTATCAGTTATGCCAACGGAAGCGGCCCCGACCAGCGCCCCTACTGCTGGCACTACC 
CGGGATAGTCAATACGGTTGCCTTCGCCGGGGCTGGTCGCGGGGATGACGACCGTGATGG 

ProLysProCysGlylleValProAlaLysSerValCysGlyProValTyrCysPheThr 
121 CCCCAAAACCTTGCGGTATTGTGCCCGCGAAGAGTGTGTGTGGTCCGGTATATTGCTTCA 
GGGGTTTTGGAACGCCATAACACGGGCGCTTCTCACACACACCAGGCCATATAACGAM 

ProSerProValValValGlyThrThrAspArgSerGlyMaPra^ 
181 CTCCCAGCCCCGTGGTGGTGGGAACGACCGACAGGTCGGGCGCGCCCACCTACAGCTGGG 
GAGGGTCGGGGCACCACC^CCCTTGCTGGCTGTCCAGCCCGCGCGGGTGGATGTCGACCC 

GluAsnAspThrAspValPheValLeuAsnAsnThrArgProProLeuGlyAsnTrpPhe 
241 GTGAAAATGATACGGACGTCTTCGTCCTTAACAATACCAGGCCACCGCTGGGCAATTGGT 
CACTTTTACTATGCCTGCAGAAGCAGGAATTGTTATGGTCCGGTGGCGACCCGTTAACCA 

GlyCysThrTrpHetAsnSerThrGlyPh^ 
301 TCGGTTGTACCTGGATGAACTCAACTGGATTCACCAAAGTGTGCGGAGCGCCTCCTTGTG 
AGCCAACATGGACCTACTTGAGTTGACCTAAGTGGTTTCACACGCCTCGCGGAGGAACAC 

IleGlyGlyAlaGlyAsnAsnThrLeuHisCysProThrAspCysPheArgLysHisPro 
361 TCATCGGAGGGGCGGGCAACAACACCCTGCACTGCCCCACTGATTGCTTCCGCAAGCATC 
AGTAGCCTCCCCGCCCGTTGTTGTGGGACGTGACGGGGTGACTAACGAAGGCGTTCGTAG 

AspAlaThrTyrSerArgCysGlySerGlyProT^IleThrProArgCysLeuValAsp 
421 CGGACGCCACATACTCTCGGTGCGGCTCCGGTCCCTGGATCACACCCAGGTGCCTGGTCG 
GCCTGCGGTGTATGAGAGCCACGCCGAGGCCAGGGACCTAGTGTGGGTCCACGGACCAGC 



TyrProTyrArgl^uTrpHisTyrProCysTto^ 
481 ACTACCCGTATAGGCTTTGGCATTATCCTTGTACC^TCAACTACACTATAaOTAAAATCA 

TGATGGGCATATCCGAAACCGTAATAGGAACATGGTAGTTGATGTGATATA^ ' 



MetTyrValGlyGlyValGluHisArgLeuGluAlaAlaCysAsnTrpThrArgGlyGlu 
541 GGATGTACGTGGGAGGGGTCGAGCACAGGCTGGAAGCTGCCTGCAACTGGACGCGGGGCG 
CCTACAOXSCACCCTCCCCAGCTCGTGTCCGACCTTCGACGGACGTTGACCTGCGCCCC^ 



ArgCysAspLeuGluAspArgAspArgSerGluLeuSerProI^^ 
601 AACGTTGCGATCTGGAAGATAGGGACAGGTCCGAGCTCAGCCCGTTACTGCTGACCACTA 
TTGCAACGCTAGACCTTCTATCCCTGTCCAGGCTCGAGTCGGGCAATGACGACTGGTGAT 



GlnTrpGlnVall^uProCysSerPheThrT^ 
661 CACAGTGGCAGGTCCTCCCGTGTTCCTTCACAACCCTGCCAGCC 

GTGTCACCGTCCAGGAGGGCACAAGGAAGTGTTGGGACGGTCGGAACAGGTGGCCGGAGT 

Overlap with Combined ORF of DNAs 12f through 15e 

HisLeuHisGlnAsnlleValAspValGlnTyrl^uTyrGlyValGlySerSerlleAla 
721 TCCACCTCCACCAGAACATTGTGGACGTGCAGTACl^ 

AGGTGGAGGTGGTCTTGTAACACCTGCACGTC^TGAACATGCCCCACCCCAGTTCGTAGC 



SerTrpAlalleLysTrpGluTyrValYall^u^^ 
781 CGTCCTGGGCCATTAAGTGGGAGTACGTCGTCCTCCTGTTCCTT^ 

GCAGGACCCGGTAATTCACCCTCATGCAGCAGGAGGACAAGGAAGACGAACGTCTGCGCG 
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VaLCysSerC^sI^uTrpMetMe^ 
GCGTCTGCTCCTGCTTGTGGAXGATGCTACTCATATCCCAAGCGGAAGCGGCTTTGGAGA 
CGCAGACGAGGACGAACACCTACTACGATGAGTATAGGGTTCGCCTTCGCCGAAACCTCT 



LeuVallleLeiiAsnAlaAlaSerLeuAlaGlyThrHisGlyLeuValSerPheLeuVal 
ACCTCGTAATACTTAATGCAGCATCCCTGGCCGGGACGCACGGTCTTGTATCCTTCCTCG 
TGGAGCATTATGAATTACGTCGTAGGGACCGGCCCTGCGTGCCAGAACATAGGAAGGAGC 

PhePheCysPheAlaTrpTyrLexiLysGlyLysTrpValProGlyAlaValTyrThrPhe 
TGTTCTTCTGCTTTGCATGGTATCTGAAGGGTAAGTGGGTGCCCGGAGCGGTCTACACCT 
ACAAGAAGACGAAACGTACCATAGACTTCCCATTCACCCACGGGCCTCGCCAGATGTGGA 

TyrGlyltetTrpProI^uLeuLeuLeuIietiLeuAlaLeuProGl 
TCTACGGGATGTGGCCTCTCCTCCTGCTCCTGTTGGCGTTGCCCCAGCGGGCGTACGCGC 
AGATGCCCTACACCGGAGAGGAGGACGAGGACAACCGCAACGGGGTCGCCCGCATGCGCG 



AspThrGluValAlaAlaSerCysGlyGlyValValLeuValGlyLeuMetAlaLeuThr 
TGGACACGGAGGTGGCCGCGTCGTGTGGCGGTGTTGTTCTCGTCGGGTTGATGGCGCTAA 
ACCTGTGCCTCCACCGGCGCAGCACACCGCCACAACAAGAGCAGCCCAACTACCGCGATT 

I^uSerProTyrTyrLysArgOYrlleS 
CTCTGTCACCATATTACAAGCGCTAT^^ 

GAGACAGTGGTATAATGTTCGCGATATAGTCGACCACGAACACCACCGAAGTCATAAAAG 



ThrArgValGluAlaGlnl^uHisValTrpIleProProteuAsnValArgGlyGlyArg 
TGACCAGAGTGGAAGCGCAACTGCACGTGTGGATTCCCCCCCTCAACGTCCGAGGGGGGC 
ACTGGTCTCACCTTCGCGTTGACGTGC^CACCT^ 



AspAlaVeLlIleLeuLeuMetCysAlaValHisProThrLeuValPheAspIleThrLys 
GCGACGCTGTC^TCTTACTCATGTGTGCTGTACACCCGACTCTGGTATTTGACATCACCA 
CGCTGCG ACAGTAG AATGAGTACACACGACATG TGGGC TG AG ACCATAAACTG TAGTGGT 



LeuLeuLeuAlaValPheGlyProLeuTrpIleLeuGlnAla 
AATTGCTGCTGGCCGTCTTCGGACCCCTTTGGATTCTTCAAGCCAG 
TTAACGACGACCGGCAGAAGCCTGGGGAAACCTAAGAAGTTCGGTC 



FIG. 46-2 
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Pl(3 # 47- I COMBINED ORF CF DNAs K9-1 through 15e 



GlyCysProGluArgl^uMaSerCysArgProLeuThrAspPheAspGlnGlyTrpGly 
1 CAGGCTGTCCTGAGAGGCTAGCCAGCTGCCGACCCCTTACCGATTTTGACCAGGGCTGGG 
GTCCGACAGGACTCTCCGATCGGTCGACGGCTGGGGAATGGCTAAAACTGGTCCCGACCC 

ProIleSerTyrMaAsnGlySerGlyProAspGlnArgProIY^ysTrpHisTyrPro 
61 GCCCTATCAGTTATGCCAACGGAAGCGGCCCCGACCAGCGCCCCTACTGCTGGCACTACC 
CGGGATAGTCAATACGGTTGCCTTCGCCGGGGCTGGTCGCGGGGATGACGACCGTGATGG 

ProLysProCysGlylleValProAlaLysSerValCysGlyProValTyrCysPheThr 
121 CCCCAAAACCTTCCGGTATTGTGCCCGCGAAGAGTGTC 

GGGGTTTTGGAACGCCATAACACGGGCGCTTCTCACACACACCAGGCCATAT^ 

ProSerProValValValGlyThrThrAspArgSerGlyAlaPr^ 
181 CTCCCAGCCCCGTGGTGGTGGGAACGACCGACAGGTCGGGCGCGCCCACCTACAGCTGGG 
GAGGGTCGGGGCACCACCACCCTTGCTGGCTGTCCAGCCCGCGCGGGTGGATGTCGACCC 

GluAsnAspThrAspValPheValLeuAsnAsaThrArgProProLeuGlyAsnTrpPhe 
241 GTGAAAATGATACGGACGTCTTCGTCCTTAACAAXACCAGGCCACCrc 

CACTTTTACTATGCCTGCAGAAGCAGGAATTGTTATGGTCCGGTGGCGACCCGTTAACCA 

GlyCysThrtrpMetAsnSerThrGlyPheTto 
301 TCGGTTGTACCTGGATGAACTCAACTGGATTCACCAAAGTGTGCGGAGCGCCTCCTTGTC 
AGCCAACATGGACCTACTTGAGTTGACCTAAGTGGTTTCACACGCCTCGCGGAGGAACAC 

IleGlyGlyAlaGlyAsnAsnThrLeuHisCysProThrAspCysPheArgLysHisPro 
361 TCATCGGAGGGGCGGGCAACAACACCCTGCACTGCCCCACTGATTGCTTCCGCAAGCATC 
AGTAGCCTCCCCGCCCGTTGTTGTGGGACGTGACGGGGTGACTAACGAAGGCGTTCGTAG 

AspAlaThrTyrSerArgCysGlySerGlyProTrpIleThrProArgCysLeuValAsp 
421 CGGACGCCACATACTCTCGGTGCGGCTCCGGTCCCTGGATCACACCCAGGTGCCTGGTCG 
GCCTGCGGTGTATGAGAGCCACGCCGAGGCCAGGGACCTAGTGTGGGTCCACGGACCAGC 

TyrProTyrArgLeuTrpHisTyrPro^^ 
481 ACTACCCGTATAGG CTTTGG CATTATCCXTGTACCATCAACTACAC CATATTTAAAATCA 
TGATGGGCATATCCG AAACCGT AATAGG AACATGGTAG TTG ATGTGGTATAAATTTTAG T . 

MetTyrValGlyGlyValGliiHisArgl^uGluAlaMaCysAsnTrpThrArgGlyGlu 
541 GGATGTACGTGGGAGGGGTCGAACACAGGCTGGAAGCTGCCTGCAACTGGACGCGGGGCG 
CCTACATGCACCCTCCCCAGCTTGTGTCCGACCTTCGACGGACGTTGACCTGCGCCCCGC 

ArgCysAspI^uGluAspArgAspArgSerGlul^uSerProI^^ 
601 AACGTTGCGATCTGGAAGACAGGGACAGGTCCGAGCTCAGCCCGTTACTGCTGACCACTA 
TTGCAACGCTAGACCTTCTGTCCCTGTCCAGGCTCGAGTCGGGCAATGACGACTGGTGAT 

GlnTrpGlnValLeuProCysSerPheThrT^ 
661 CACAGTGGCAGGTCCTCCCGTGTTCCTTCACAACCCTACCAGCCTTGTCCACCGGCCTCA 
GTGTCACCGTCCAGGAGGGCACAAGGAAGTGTTGGGATGGTCGGAACAGGTGGCCGGAGT 

HisLeuHisGlnAsnlleValAspValGlnTyrLeuTyrGlyValGlySerSerlleAla 
721 TCCACCTCCACCAGAACATTGTGGACGTGCAGTACTTGTACGGGGTGGGGTCAAGCATCG 
AGGTGGAGGTGGTCTTCTAACACCTGCACGTCATGAA 

SerTrpAlalleLysTrpGluTyrValVall^^ 
781 raTCCTGGGCCATTAAGTGGGAGTACGTCGTTCTCCTGTTCCr^ 

GCAGGACCCGGTAATTCACCCTCATGCAGCAAGAGGACAAGGAAGACGAAC^ 

ValCysSerCysLeuTrpMetMetl^uLeuIleSerGlnAlaGluAlaAlalieuGluAsn 
841 GCGTCTGCTCCTGCTTGTGGATGATGCTACTCATATCCCAAGCGGAGGCGGCTTTGGAGA 
CGCAGACGAGGACGAACACCTACTACGATGAGTATAGGGXTCGCCTCCGCCGAAACCTCT 

LeuVallleLeuAsnMaAlaSerLeuAlaGlyThrHisGlyLeuValSerPheLeuVal 
901 ACCTCGTAATACTTAATGCAGCATCCCTGGCCGGGACGCACGGTCTTGTATCCTTCCTCG 
TGGAGCATTATGAATTACGTCGTAGGGACCGGCCCTGCGTGCCAGAACATAGGAAGGAGC 
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PhePheCysPheAlaTrpTyrl^uLysGlyLysTrpValProGlyMaValTyrThr 
961 TGTTCTTCTGCTTTGCATGGTATTTGAAGGGTAAGTGGGTGCCCGGAGCGGTCTACACCT 
ACAAGAAGACGAAACGTACCATAAACTTCCCATT(^CCCACGGGCCTCGCC^GATGTG^ 

TyrGlyMetTrpProI^ul^uI^uI^u^ 
1021 TCTACGGGATGTGGCCTCTCCTCCTGCTCCTGTTGGCGTTGCCCCAGCGGGCGTACGCGC 
AGATGCCCTACACCGGAGAGGAGGACGAGGACAACCGCAACGGGGTCGCCCGCATGCGCG 

AspThrGluValAlaMaSerCysGlyGlyVa^ 
1081 TGGAC^CGGAGGTGGCCGCGTCGTGTGGCGGTGTTGTTCTCGTCGGGTTGATGGCGCTGA 
ACCTGTGCCTCCACCGGCGCAGCACACCGCCACAACAAGAGCAGCCCAACTACCGCGACT 

I^uSerProTyrTyrLysArgTyrlle^ 
1141 CTCTGTCACOVTATTACAAGCGCTATATCAGCTGGTGCTTGTG^ 
GAGACAGTGGTATAATGTTCGCGATATAGTCGACCACGAA 

ThrArgValGluAlaGlnl^uHisV^ 
1201 TGACCAGAGTGGAAGCGCAACTGCACGTGTGGATTCCCCCCCTCAACGTCCGAGGGGGGC 
ACTGGTCTCACCTTCGCGTTGACGTGCACACCTAAGGGGGGGAGTTGCAGGCTCCCCCCG 

AspAlaVallleLeuI^uMetCysAlaValHisProThrLeuValPheAspIleThrLys 
1261 GCGACGCCGTCATCTTACTCATGTGTGCTGTACACCCGACTCTGGTATTTGACATCACCA 
CGCTGCGGCAGTAGAATGAGTACACACGACATGTGGGCTGAGACCATAAACTGTAGTGGT 

LeiiLeuI^uAlaValPheGlyProI^uTrpIlel^uGlnAlaSerLeuI^uLysValPro 
13 21 AATTGCTGCTGGCCGTCTTCGGACCCCTTTGGATTCTTCAAGCCAGTTTGCTTAAAGTAC 
TTAACGACGACCGGCAGAAGCCTGGGGAAACCTAAGAAGTTCGGTCAAACGAATTOCATC 

TyrPheValArgValGlnGlyLeuI^u^ 
1381 CCTACTTTGTGCGCGTCCAAGGCCTTCTCCGGTTCTGCGCGTTAGCGCGGAAGATGATCG 
GGATGAAACACG CGCAGG TTCCGGAAGAGG CCAAG ACGCGCAATCGCGCCTTCTACTAGC 

GlyHisTyrValGlnMetValllelleLysI^uGlyMateuThrGlyThrTyrValTyr 
1441 GAGGCCATTACGTGCAAATGGTCATCATTAAGTTAGGGGCGCTTACTGGCACCTAO?GTTT 
CTCCGGTAATGCACGT1TACCAGTAGTAATTCAATCCCCGCGAATGACCGTGGATACAAA 

AsriHisI^uThrProI^uArgAspTrpAlaHisAsnGlyLeuArgAspI^uAlaValAla 
1501 ATAACCATCTCACTCCTCTTCGGGACTGGGCGCACAACGGCTTGCGAGATCTGGCCGTCG 
TATTGGTAGAGTX3AGGAGAAGCCCTGACCCGCGTGTTGCCGAACGCTCTAGACCGGCACC ' 

nM v ^GliiProValValPheSerGlnMetGluThrLysLeuIleThrTrpGlyM 
1561 CTGTAGAGCCAGTCGTCTTCTCCCAAATGGAGACCAAGCTCATCAC 

GACATCTCGGTCAGCAGAAGAGGGTTTACCTCTGGTTCGAGTAGTGCACCCCCCG 

AlaAlaCysGlyAspIlelleAsnGlyLeuProValSerAlaArgArgGlyArgGluIle 
1621 CCGCCGCGTGCGGTGACATCATCAACGGCTTGCCTGTTTCCGCCCGCAGGGGCCGGGAGA 
GGCGGCGCACGCCACTGTAGTAGTTGCCGAACGGACAAAGGCGGGCGTCCCCGGCCCTCT 

LeuLeuGlyProMaAspGlyMetValSerLysGl^^ 
1681 TACTGCTCGGGCCAGCCGATGGAATGGTCTCCAAGGGGTGGAGGTTGCTGGCGCCCATCA 
ATGACGAGCCCGGTCGGCTACCTTACCAGAGGTTCCCCACCTCCAACX3ACCGCGGGTAGT 

AlaTyrAlaGlnGlnThrArgGlyl^^ 

1741 CGGCGTACGCCCAGCAGACAAGGGGCCTCCTAGGGTGCATAATCACCAGCCTAACTGGC 
GCCGC^TGCGGGTCGTCTGTTCCCCGGAGGA 

AspLysAsnGlnValGluGlyGluValGlnlleValSerThrAlaAlaGlnThrPheLeu 
1801 GGGAGAAAAACCAAGTGGAGGGTGAGGTCCAGATTGTGTCAA 

CCCTG TTTTTGGTTCACCTCCCACTCCAGG TCTAACACAGTTGACG ACGGGTTTGGAAGG 

1 _^ aT ^7SlleAsnGlyValCysTrpThrValTyrHisGlyAlaGlyThrArgThrIle 
1861 TGGCAACGTGCATC^TGGGGTGTGCTCGACTGTCTACCACGGGGC 

ACCGXTGCACGTAGTTACCCCACACGACCTGACAGATGGTGCCCOTGCCTTGCTC 

MaSerProLysGlyProVallleGlnMetTyrThrAsnValAspGlnAspLeuValGly 
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1921 TCGCGTCACCCAAGGGTCCTGTCATCCAGATGTATACCAATGTAGACCAAGACCTTGTGG 
AGCGCAGTGGGTTCCCAGGACAGTAGGTCTACATATGGTTACATCTGGTTCTGGAACACC 

TrpProMaProGlnGlySerArgSerLeuThrProCysThrCysGlySerSerAspLeu 
1981 GCTGGCCCGCTCCGCZAAGGTAGCCGCTCATTGACACCCTGCACTTGCGGCTCCTCGGACC 
CGACCGGGCGAGGCGTTCCATCGGCGAGTAACTGTGGGACGTGAACGCCGAGGAGCCTGG 

TyrLeuValThrArgHisAlaAspVallleProValArgArgArgGlyAspSerArgGly 
2041 TTTACCTGGTCACGAGGCACGCCGATGTCATTCCCGTGCGCCGGCGGGGTGATAGCAGGG 
AAATGGACCAGTGCTCCGTGCGGCTACAGTAAGGGCACGCGGCCGCCCCACTATCGTCCC 

SerLeuI^uSerProArgProIleSerTyrLeuLysGlySerSerGlyGlyProLeuLeu 
2101 GCAGCCTGCTGTCGCCCCGGCCCATTTCCTACTTGAAAGGCTCCTCGGGGGGTCCGCTGT 
CGTCGGACGACAGCGGGGCCGGGTAAAGGATGAACTTTCCGAGGAGCCCCCCAGGCGACA 

CysProAlaGlyHisAlaValGlyllePheArgAlaAlaValCysThrArgGlyValAla 
2161 TGTGCCCCGCGGGGCACGCCGTGGGCATATTTAGGGCCGCGGTGTGCACCCGTGGAGTGG 
ACACGGGGCGCCCCGTGCGGCACCCGTATAAATCCCGGCGCCACACGTGGGCACCTCACC 

LysAlaValAspPhelleProValGluAsnLeuGluThrThrMetArgSerProValPhe 
r x 2221 CTAAGGCGGTGGACTTTATCCCTGTGGAGAACCTAGAGACAACCATGAGGTCCCCGGTGT 

W } GATTCCGCCACCTGAAATAGGGACACCTCTTGGATCTCTGTTGGTACTCCAGGGGCCACA 

ThrAspAsnSerSerProProValValPrcXSlnSerPheGlnValAlaHisLeiiHisAla 
2281 TCACGGATAACTCCTCTCCACCAGTAGTC^ 

AGTGCCTATTGAGGAGAGGTGGTCATCACGGGGTCTCGAAGGTCCACCGAGTGGAGGTAC 

ProThrGlySerGlyLysSerThrLysValPr^ 
2341 CTCCCACAGGCAGCGGCAAAAGCACCAAGGTCCCGGCTGCZATATGCAGCTCAGGGCTATA 
GAGGGTGTCCGTCGCCGTTTTCGTGGTTCCAGGGCCGACGTATACGTCGAGTCCCGATAT 

ValLeuVall^uAsnProSerValAlaAlaThrLeuGlyPheGlyAlaTyrMetSerLys 
24 01 AGGTGCTAGTACTCAACCCCTCTGTTGCTGCAACAC 

TCCACGATCATGAGTTGGGGAGACAACGACGTTGTGACCCGAAACCACGAATGTACAGGT 

AlaHisGlylleAspPrcAsnlleArgThrt^ 
2461 AGGCTCATGGGATCGATCCTAACATCAGGACCGGGGTGAGAACAATTACCACTGGCAGCC 
TCCGAGTACCCTAGCTAGGATTGTAGTCCTGGCCCCACTCTTGTTAATGGTGACCGTCGG 

IleThrTyrSerThrTyrGlyLysPheLeuMaAspGlyGlyCysSerGlyG 
2521 CCATCACGTACTCCACCTACGGCAAGTTCCTTGCCGACGGCGGGTGCTCGGGGGGCGCTT 
~- GGTAGTGCATGAGGTGGATGCCGTTCAAGGAACGGCTGCCGCCCACGAGCCCCCCGCGAA 

AspIlellelleC^sAspGluCysHisSerThrAspAlaThrSerlleLeuGlylleGly 
2581 ATGACATAATAA!TTTGTGACGAGTGCCACTCCACGGATGCCACATCCATCTTC 

TACTGTATTATTAAACACTGCTCACGGTGAGGTGCCTACGGTGTAGGTAGAACCCGTAGC 

ThrValLexiAspGlnAlaGluThrAlaGlyAlaArgLeuValVall^uAlaThrAlaThr 
2641 GCACTGTCCTTGACCAAGCAGAGACTGCGGGGGCGAGACTGGTTGTGCTCGCCACCGCCA 
CGTGACAGGAACTGGTTCGTCTCTGACGCCCCCGCTCTGACCAACACGAGCGGTGGCGGT 

ProProGlySerValThrValProHisProAsnlleGluGluValMaLeuSerThrThr 
2701 CCCCTCCGGGCTCCGTCACTGTGCCCCATCCCAACATCGAGGAGGTTGCTCTGTCCACCA 
GGGGAGGCCCGAGGCAGTGACACGGGGTAGGGTTGTAGCTCCTCCAACGAGACAGGTGGT 

GlyGluIleProPheTyrGlyLysAlalleProLeuGluVallleLysGlyGlyArgHis 
2761 CCGGAGAGATCCCTTTTTACGGCAAGGCTATCCCCCTCGAAGTAATCAAGGGGGGGAGAC 
GGCCTCTCTAGGGAAAAATGCCGTTCCGATAGGGGGAGCTTCATTAGTTCCCCCCCTCTG 

LeuIlePheCysHisSerLysLysLysCysAspGluLetiAlaAlaLysLeuValAlaLeu 
2821 ATCTCATCTTCTGTCATTCAAAGAAGAAGTGCGA 

TAGAGTAGAAGACAGTAAGTTTCTTCTTCACGCTGCTTGAGCGGCGT^ 

GlylleAsnMaValMaTyrTyrArgGlyLeuAspVcilSerVallleProThrSerGly 
2881 TGGGCATCAATGCCGTGGCCTACTACCGCGGTCTTGACGTGTCCGTCATCCCGACCAGCG 
ACCCGTAGTTACGGCACCGGATGATGGCGCCAGAACTGCACAGGCAGTAGGGCTGGTCGC 

FIG. 47-3 




EP 0 318 216 A1 



AspValValValValAlaThrAspAlaLeuM^ 
2941 GCGATGTTGTCGTCGTGGCAACCGATGCCCTCATGACCGGCTATACCGGCGACTTCGACT 
CGCTACAACAGCAGCACCGTTGGCTACGGGAGTACTGGCCGATATGGCCGCTGAAGCTGA 

VeaileAspCysAsnThrCysValThrGlnThrValAspPheSerl^uAspPrcyrhrPhe 
3001 CGGTGATAGACTGCAATACGTGTGTCACCCAGACAGTCGATTTCAGCCTTG 

GCCACTATCTGACGTTATGCACACAGTGGGTCTGTCAGCTAAAGTCGGAACTGGG 

ThrlleGluThrlleThrLeuProGlnAspMaValSerArgThrGlnArgArgGlyArg 
3061 TCACCATTGAGACAATCACGCTCCCCCAGGATGCTGTC 

AGTGGTAACTCTGTTAGTGCGAGGGGGTCCTACGACAGAGGGCGTGAGTTGCAGCCCCGT 

ThrGlyArgGlyLysProGlylleTyrArgPheValAlaProGlyGliiArgProSerGly 
3121 GGACTGGC^GGGGGAAGCCAGGCATCTACAGATTTGTGGCACCGGGGGAGCGCCCCTCCG 
CCTGACCGTCCCCCTTCGGTCCGTAGATGTCTAAACACCGTGGCCCCCTCGCGGGGAGGC 

MetPheAspSerSerVall^uC^sGluCyslIYrAspAlaGlyC^sAlaTrpTyrGluLeu 
3 18 1 GCATGTTCGACTCGTCCGTCCTCTGTGAGTGCTATGACGCAGGCTGTGCTTGGTATGAGC 
CGTACAAGCTCAGCAGGCAGGAGACACTCACGATACTGCG 

r ) ThrProMaGluThrThrValArgLeuA^ 

' 3241 TCACGCCCGCCGAGACTACAGTTAGGCTACGAGCGTACATGAACACCCCGGGGCTTCCCG 

AGTCCGGGCGGCTCTGATGTCAATCCGATGCTCGCATGTACTTGTGGGGCCCCGAAGGGC 

CysGliiAspHisLeuGluPheTrpGliiGlyValPheThrGlyr^uThrHisIleAspAla 
3301 TGTGCCAGGACCATCTTGAATTTTGGGAGGGCGTCTTTACAGGCCTCACTCATATAGATG 
ACACGG TCCTGGTAGAACTTAAAACCCTCC CGCAGAAATGTCCGGAGTGAG TATATCTAC 

HisPheLeuSerGlnThrLysGlnSerGlyGluAsnLeuProTyrl^uVaLzaaT 
3361 CCCACTTTCTATCCCAGACAAAGCAGAGTGGGGAGAACCTTCCTTACCTGGTAGCGTACC 
GGGTGAAAGATAGGGTCTGTTTCGTCTCACCCCTCTTGGAAGGAATGGACCATCGCATGG 

AlaThrValCysAlaArgAlaGljiAlaProProProSerTrpAspGlnMetTrpLysCys 
3421 AAGCCACCGTGTGCGCTAGGGCTCAAGCCCCTCCCCCATCGTGGGACCAGATGTGGAAGT 
TTCGGTGGCACACGCGATCCCGAGTTCGGGGAGGGGGTAGCACCCTGGTCTACACCTTCA 

LeuIleArgLeuLysProThrl^uHisGlyProThrProLeuLeuTyrArgLeuGlyAla 
3481 GTTTGATTCGCCTCAAGCCCACCCTCCATGGGCCAACACCCCTGCTATACAGACTGGGCG 
CAAACTAAGCGGAGTTCGGGTGGGAGGTACCCGGTTGTGGGGACGATATGTCTGACCCGC ' 

ValGlnAsnGluIleThrLeuThrHisProValThrLysTyrlleMetThrCysMetSer 

C 3541 CTGTTCAGAATCAAATCACCCTGACGCACCCAGTCACC^ 
' GACAAGTCTTACTTTAGTGGGACTGCGTGGGTCAGTC 

AlaAspI^uGluValValThrSerThrTrpValLeuValGlyGlyValLeuAlaAlaLeu 
3601 CGGCCGACCTGGAGGTCGTCACGAGCACCTGGGTGCTCGTTGGCGGCGTCCTGGCTGCTT 
GCCGGCTGGACCTCCAGCAGTGCTCGTGGACCCACGAGCAACCGCCGCAGGACCGACGAA 

AlaAlaTyrCysteuSerThrGlyCysValVallleValGl/ArgValValLeuSerGly 
3661 TGGCCGCGTATTGCCTGTCAACAGGCTGCGTGGTCATAGTGGGCAGGGTCGTCTTC 

ACCGGCGCATAACGGACAGTTCTCCGACGCACCAGTATCACCCGTCCCAGCAGAACAGGC 

LysProAlallelleProAspArgGluValLeuTyrArgGluPheAspGliiMetGluGla 
3721 GGAAGCCGGCAATCATACCTGACAGGGAAGTCCTCTACCGAGAGTTCGATGAGATG 

CCTTCGGCCG1TAGTATGGACTGTCCCTTCAGGAGATGGCTCTCAAGCTACTCTACCTTC 

C^sSerGlnHisteixProTyrlleGluGlnGlyMemetl^uAlaGluGlnPheLysGln 
3781 AGTGCTCTCAGCACTTACCGTACATCGAGCAAGGGATGATGCTCGCCGAGCAGTTCAAGC 
TCACGAGAGTCGTGAATGGCATGTAGCTCGTTCCCTACTACGAGCGGCTCGTCAAGTTCG 

LysAlaLeuGlyLeuLeuGlnThrAlaSerArgGlnAlaGluVallleAlaProAlaVal 
3841 AGAAGGCCCTCGGCCTCCTGCAGACCGCGTCCCGTCAGGCAGAGGTTATCGCCCCTGCTG 
TCTTCCGGGAGCCGGAGGACGTCTGGCGCAGGGCAGTCCGTCTCCAATAGCGGGGACGAC 

GlnThrAsnTrpGlnLysLeuGluThrPheTrpAlaLysHisMetTrpAsnPhelleSer 
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3901 TCCAGACCAACTGGC^AAAACTCGAGACCTTCTGGGCGAAGCATATGTGGAACTTCATCA 
AGGTCTGGT1GACCGTTTTTGAGCTCTGGAAGACCCGCTTCGTATACACCTTGAAGTAGT 

GlylleGln^rLeuAlaGlyLeuSerThrLeuProGlyAsnProAlalleAlaSerLeu 
3961 GTGGGATACAATACTTGGCGGGCTTGTCAACGCTGCCTGGTAACCCCGCCATTGCTTC 

CACCCTATGTTATGAACCGCCCGAACAGTTGCGACGGACCATTGGGGCGGTAACGAAGTA 

MetAlaPheThrAlaAlaValThrSerProLeu^^ 
4021 TGATGGCTTTTACAGCTGCTGTCACCAGCCCACTAACCACTAGCCAAACCCrc 

ACTACCGAAAATGTCGACGACAGTGGTCGGGTGATTGGTGATCGGTTTGGGAGGAGAAGT 

IleLeuGlyGlyTrpValMaMaGlnLeuAlaAlaProGlyAlaAlaThrAlaPheVcLl 
4081 ACAIATTGGGGGGGTGGGTGGCTGCCCAGCTCGCCGCCCCCGGTGCCGCT^ 

TGTATAACCCCCCCACCCACCGACGGGTCGAGCGGCGGGGGCCACGGCGATGACGGAAAC 

GlyAlaGlyLeuAlaGlyAlaAlalleGlySerValGlyLeuGlyLysValLeuIleAsp 
4141 TGGGCGCTGGCTTAGCTGGCGCCGCCATCGGCAGTGTTGGACTGGGGAAGGTCCTCATAG 
ACCCGCGACCGAATCGACCGCGGCGGTAGCCGTCACAACCTGACCCCTTCCAGGAGTATC 

IleteviAlaGlyTyrGlyAlaGlyValAlaGlyMal^uValAlaPheLysIleMe^ 
4201 ACATCCTTGCAGGGTATGGCGCGGGCGTGGCGGGAG 

TGTAGGAACGTCCCATACCGCGCCCGCACCGCCCTCGAGAACACCGTAAGTTCTAGTACT 

GlyGluValProSerThrGluAspLeuVaLAsnl^uLeiiProAlallel^uSerProGly 
4261 GCGGTGAGGTCCCCTCCACGGAGGACCTGGTCAATCTACTGCCCGCCATCCTCTCGCCCG 
CGCCACTCCAGGGGAGGTGCCTCCTGGACGAGTTAGATGACGGGCGGTAGGAGAGCGGGC 

MaLeuValValGlyValValCysAlaAlalleLeiiArgArgHisValGlyProGlyGlu 
4321 GAGCCCTCGTAGTCGGCGTGGTCTGTGCAGCAATACTGCGCCGGCACGTTGGCCCGGGCG 
CTCGGGAGCATCAGCCGCACCAGACACGTCGTTATGACGCGGCCGTGCAACCGGGCCCGC 

GlyAlaValGlnTrpMetAsnArgLeulleAlaPheAlaSerArgGlyAsnHisValSer 
4381 AGGGGGCAGTGCAGTGGATGAACCGGCTGATAGCCTTCGCCTCCCGGGGGAACCATGTTT 
TCCCCCGTCACGTCACCTACTTGGCCGACTATCGGAAGCGGAGGGCCCCCTTGGTACAAA 

ProThrHisTyrValProGluSerAspAlaMaAlaArgValThrAlalleLeuSerSer 
4441 CCCCCACGCACTACGTGCCGGAGAGCGATGCAGCTGCCCGCGTCACTGCCATACTCAGCA 
GGGGGTGCGTGATGCACGGCCTCTCGCTACGTCGACGGGCGCAGTGACGGTATGAGTCGT 

I^uThrValThrGlnl^uI^uArgArgLeuHisGlnTrpIleSerSerGluCys 
4501 GCCTCZACTGTAACCCAGCTCCTGAGGCGACTGCACCAGTGGATAAGCTCGGAGTGTACCA 
CGGAGTGACATTGGGTCGAGGACTCCGCTGACGTGGTCACCTATTC 

ProCysSerGlySerTrpLexiArgAspIleTrpAspTrpIleCysGluV 
4561 CTCCATGCTCCGGTTCCTGGCTAAGGGACATCTGGGACTGGATATGCGAGGTGTTC 

GAGGTACGAGGCCAAGGACCGATTCCCTGTAGACCCTGACCTATACGCTCCACAACTC 

PheLysThrTrpLeuLysAlaLysLeuMetProGlnLeuProGlylleProPheValSer 
4621 ACTTTAAGACCTGGCTAAAAGCTAAGCTCATCCCACAGCTGCCTGGGATCCCCTTTGTGT 
TGAAATTCTGGACCGATTTTCGATTCGAGTACGGTGTCGACGGACCCTAGGGGAAACACA 

CysGlnArgGlyTyrLysGlyVaM^ 
4681 CCTGCCAGCGCGGGTATAAGGGGGTCTGGCGAGTGGACGGCATCATGCACACTCGCTGCC 
GGACGGTCGCGCCCATATTCCCCCAGACCGCTCACCTGCCGTAGTACGTGTGAGCGACGG 

CysGlyMaGluIleThrGlyHisVaLLysAsnGlyThxMetArglleValGlyProArg 
4741 ACTGTGGAGCTGAGATCACTGGACATGTCAAAAACGGGACGA 

TGACACCTCGACTCTAGTGACCTGTACAGTTTTTGCCCTGCTACTCCTA^ 

ThrCysArgAsnMetTrpSerGlyThrPheProIle^ 
4801 GGACCTGCAGGAACATGTGGAGTGGGACCTTCCCCATTAATGCCTACACC^ 
CCTGGACGTCCTTGTACACCTCACCCTGGAAGGGGTAATTACGGATGTC^ 

ThrProLeuProAlaProAsnTyrThrPheAlateuTrpArgValSerMaGluGluTy^ 
4861 GTACCCCCCTTCCTGCGCCGAACTACACGTTCGCGCTATGGAGGGTGTCTGCAGAGGAAT 
CATGGGGGGAAGGACGCGGCTTGATGTGCAAGCGCGATACCTC^ 
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ValGluIleArgGlnValGlyAspPheHisTyrValThrGlyMetThrThrAspAsnLeu 
4921 ATGTGGAGATAAGGCAGGTGGGGGACTTCCACTACGTGACGGGTATGACTACTGACAATC 
TACACCTCTATTCCGTCCACCCCCTGAAGGTGATGCACTGCCCATACTGATGACTGTTAG 

LysCysProCysGlnValProSerProGluPhePheThrGliiLeuAspGlyValArgLeu 
4981 TCAAATGCCCGTCCCAGGTCCCATCGCCCGAATTTTTCAC 

AGTTTACGGGCACGGTCCAGGGTAGCGGGCTTAAAAAGTGTCTTAACCTGCCCCACGCGG 

HisArgPheAlaProProCysLysProLeuLeuArgGluGluValSerPheArgValGly 
5041 TACATAGGTTTGCGCCCCCCTGCAAGCCCTTGCTGCGGGAGGAGGTATCATTCAGAGTAG 
ATGTATCCAAACGCGGGGGGACGTTCGGGAACGACGCCCTCCTCCATAGTAAGTCTCATC 

I^uHisGluTyrProValGlySerGlnl^uProCysGluProGluProAspValMaVa^ 
5101 GACTCCACGAATACCCGGTAGGGTCGCAATTACCTTGCGAGCCCGAACCGGACGTGGCCG 
CTGA(^TGCTTATGGGCCATCCCAGCGTTAATGGAACGCTCGGGCTTGGCCTGCACCGGC 

LeuThrSerMetJ^uThrAspProSerHisIleThrAlaGluAlaAlaGlyArgArgLeu 
5161 TGTTGACGTCCATGCTCACTGATCCCTCCCATATAACAGCAGAGGCGGCCGGGCGAAGGT 
ACAACTGCAGGTACGAGTGACTAGGGAGGGTATATTCTCGTCTCCGCCGGCCCGCTTCCA 

AlaArgGlySerProProSerValAlaSerSerSerAlaSerGlnLeuSerAlaProSer 
5221 TGGCGAGGGGATCACCCCCCTCTGTGGCCAGCTCCTCGGCTAGCCAGCTATCCGCTCCAT 
ACCGCTCCCCTAGTGGGGGGAGACACCGGTCGAGGAGCCGATCGGTCGATAGGCGAGGTA 

I^iiLysAlaThrCysThrMaAsnHisAspSerProAspAlaGlxiLeuIleGluAlaAsn 
5281 CTCTCAAGGCAACTTCCACCGCTAACCATGACTCCCCTGATGCTGAGCTCATAGAGGCCA 
GAGAGTTCCGTTGAACGTGGCGATTGGTACTGAGGGGACTACGACTCGAGTATCTCCGGT 

Leiil^uTrpArgGlnGliiMetGlyGlyAsnlleThrArgValGluSerGluAsnLysVal 
5341 ACCTCCTATGGAGGCAGGAGATGGGCGGCAACATCACCAG 

TGGAGGATACCTCCGTCCTCTACCCGCCGTTGTAGTGGTCCCAACTCAGTCTTTTGTTTC 

Valllel^iiAspSerPheAspProLeuValMaGluGluAspGliiArgGluIleSerVal 
5401 TGGTGATTCTGGACTCCTTCGATCCGCTTGTGGCGGAGGAGGACGAGCGGGAGATCTCCG 
ACCACTAAGACCTGAGGAAGCTAGGCGAACACCGCCTCCTCCTGCTCGCCCTCTAGAGGC 

ProAlaGluIleLeuArgLysSerArgArgPheAlaGlnAlaLeuProValTrpAlaArg 
5461 TACCCGCAGAAATCCTGCGGAAGTCTCGGAGATTCGCCCAGGCCCTGCCCGTTTGGGCGC 
ATGGGCGTCTTTAGGACGCCTTCAGAGCCTCTAAGCGGGTCCGGGACGGGCAAACCCGCG ' 

ProAspTyrAsnProProLeuValGluThrTrpLysLysProAspTyrGliiProProVal 
5521 GGCCGGACTATAACCCCCCGCTAGTGGAGACGTGGAAAAAGCCCGACTACGAACCACCTG 
CCGGCCTGATAITOGGGGGCGATC^CCTCTGCACCTTTTTCGGGCTG^ 

ValHisGlyCysProLeuProProProLysSerProProValProProProArgLysLys 
5581 TGGTCCATGGCTGTCCGCTTCCACCTCCAAAGTCCCCTCCTGTGCCTCCGCCTCGGAAGA 
ACCAGGTACCGACAGGCGAAGGTGGAGGTTTCAGGGGAGGACACGGAGGCGGAGCCTTCT 

ArgThrValValLeuThrGluSerThrLeuSe^ 
5641 AGCGGACGG TGG TCCTCACTGAATCAACCCTATCTACTGCCTTGGCCGAGCTCG CCACCA 
TCGCCTGCCACCAGGAGTGACTTAGTTGGGATAGATGACGGAACCGGCTCGAGCGGTGGT 

SerPheGlySerSerSerThrSerGlylleThrGlyAspAsnThrThrThrSerSerGlu 
5701 GAAGCTTTGGCAGCTCCTCAACTTCCGGCATTACGGGCGACAATACGACAACATCCTCTG 
CTTCGAAACCGTCGAGGAGTTGAAGGCCGTAATGCCCGCTGTTATGCTGTTGTAGGAGAC 

ProAlaProSerGlyCysProProAspSerAspAlaGluSerTyrSerSerMetProPro 
5761 ' AGCCCGCCCCTTCTGGCTGCCCCCCCGACTCCGACGCTGAGTCCTATTCCTCCATGCCCC 
TCGGGCGGGGAAGACCGACGGGGGGGCTGAGGCTGCGACTCAGGATAAGGAGGTACGGGG 

LeuGluGlyGluProGlyAspProAspLeuSerAspGlySerTrpSerThrValSerSer 
5821 CCCTGGAGGGGGAGCCTGGGGATCCGGATCTTAGCGACGGGTCATGGTCAACGGTCAGTA 
GGGACCrcCCCCTCGGACCCCTAGGCCTAGAATCGCTGCCC^TACCAGTTGCCAGTCAT 

GluAlaAsnAlaGluAspValValCysCysSerMetSerTyrSerTrpThrGlyAlaLeu 
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5881 GTGAGGCCAACGCGGAGGATGTCGTGTGCTGCTCAATGTCTTACTCTTGGACAGGCGCAC 
CACTCCGGTTGCGCCTCCTACAGCACACGACGAGTTACAGAATGAGAACCTGTCCGCGTG 

ValThrProCysMaAlaGluGluGlnLysLeuProIleAsnAlaLeuSerAsnSerLeu 
5941 TCGTCACCCCGTGCGCCGCGGAAGAACAGAAACTGCCCATCAATGCACTAAGCAACTCGT 
AGCAGTGGGGCACGCGGCGCCTTCTTGTCTTTGACGGGTAGTTACGTGATTCGTTGAGCA 

LeuArgHisHisAsnl^uValTyrSerThrThrSerArgSerAlaCysGlnArgGlnL 

6001 TGCTACGTCACCACAATTTGGTGTATTC^^ 

ACGATGCAGTGGTGTTAAACCACATAAGGTGGTGGAGTGCGTCACGAACGGTTTCCGTCT 

LysValThrPheAspArgLeuGlaValLeuAspSerHisTyrGlnAspValLeuLysGlu 
6061 AGAAAGTCACATTTGA(^GACTG(^GTTCTGGACAGCCATTACCAGGACGTACTCA^ 
TCTTTCAGTGTAAACTGTCTGACGTTCAAGACCTGTCGGTAATGGTCCTGCATG 

ValLysAlaAlaAlaSerLysValLysAlaAsnLeuLeuSexValGluGluAlaCysSer 
6121 AGGTTAAAGCAGCGGCGTCAAAAGTG AAGG CTAACTTG CTATCCGTAGAGG AAG CTTGCA 
TCCAATTTCGTCGCCGCAGTTTTCACTTCCGATTGAACGATAGGCATCTCCTTCGAACGT 

I^uThrProProHisSerAlaLysSerLysPheGlyTyrGlyAlaLysAspValArgCys 
6181 GCCTGACGCCCCCACACTCAGCCAAATCCAAGTTTGGTTATGGGGCAAAAGACGTCCGTT 
CGGACTGCGGGGGTGTGAGTCGGTTTAGGTTCAAACCAATACCCCGTTTTCTGCAGGCAA 

HisAlaArgLysAlaValThrHisIleAsnSerValTrpLysAspLeuLeuGluAspAsn 
6241 GCCATGCCAGAAAGGCCGTAACCCA(^TCAACTCCGTGTGGAAAGACCTTCTGGAAGACA 
CGGTACGGTCTTTCCGGCATTGGGTGTAGTTGAGGCACACCTTTCTGGAAGACCTTCTGT 

ValThrProIleAspThrThrlleMetAlaLysAsnGluValPheCysValGlnProGlu 
6301 ATGTAACACCAATAGACACTACCATCATGGCTAAGAAC^^ 

TACATTGTGGTTATCTGTGATGGTAGTACCGATTCTTGCTCCAAAAGACGCAAGTCGGAC 

LysGlyGlyArgLysProAlaArgLeuIleValPheProAspLeuGlyValArgValCys 
6361 AGAAGGGGGGTCGTAAGCCAGCTCGTCTCATCGTGTTCCCCGATCTGGGCGTGCGCGTGT 
TCTTCCCCCCAGCATTCGGTCGAGCAGAGTAGCACAAGGGGCTAGACCCGCACG 

GluLysMetAlaLeuTyrAspValValThrLysLeuProLeuMaValKetGlySerSer 
6421 GCGAAAAGATGGCTTTGTACGACGTGGTTACAAAGCTCCCCTTGGCCGTGATGGGAAGCT 
CGCTTTTCTACCGAAACATGCTGCACCAATGTTTCGAGGGGAACCGGCACTACCCTTCGA 

TyrGlyPheGlnTyrSerProGlyGlnArgValGluP 
6481 CCTACGGATTCCAATACTCACCAGGACAGCGGGTTGAATTCCTCGTG GAAGCG TGGAAGT 
GGATGCCTAAGGTTATGAGTGGTCCTGTCGCCCAACTTAAGGAGCACGTTC^ 

LysLysThrProMetGlyPheSerTyrAspThrArgCysPheAspSerThrValThrGl^ 
6541 CCAAGAAAACCCCAATGGGGTTCTCGTATGATACCCGCTGCTTTGACTCCACAGTCACTC 



SerAspIleArgThrGluGluAlalleTyrGlnCysCy 
6601 AGAGCGACATCCGTACGGAGGAGGCAATCTACCAATGTTGTGACCTCGACCCCCAAGCCC 
TCTCGCTGTAGGCATGCCTCCTCCGTTAGATGGTTACAACACTGGAGCTGGGGG 

ValAlalleLysSerLeuThrGluArgLeuTyrValGlyGlyProLeuThrAsnSerArg 
6661 GCGTGGCCATCAAGTCCCTCACCGAGAGGCTTTATGTTC 

CGCACCGGTAGTTCAGGGAGTGGCTCTCCGAAATACAACCCCCGGGAGAATGGTTAAGTT 

GlyGluAsnCysGlyTyrArgArgCysArgAlaSerGl^^ 
6721 GGGGGGAGAACTGCGGCTATCGCAGGTGCCGCGCGAGCGGCGTACTGACAACTAGCTGTG 
CCCCCClCTTGACGCCGATAGCGTCCACGGCGCGCTCGCCGCATGACTGTTGATCGACAC 

AsnThrLeuThrCysTyrlleLysMaArgAlaAlaCysArgAlaAlaGlyLeuGlnA 
6781 GTAACACCCTCACTTGCTACATCAAGGCCCGGGCAGCCTGTCGAGCCGCAGGGCTCCAGG 
CATTGTGGGAGTGAACGATGTAGTTCCGGGCCCGTCGGACAGCTCGGCGTCCCGAGGTCC 

C^sThrMetLeuValCysGlyAspAspLeuValVallleCysGluSerAlaGlyValGln 
6841 ACTGCACCATGCTCGTGTGTGGCGACGACTTAGTCGTTATCTGTGAAAGCGCGGGGGTCC 
TGACGTGGTACGAGCACACACCGCTGCTGAATCAGCAATAGACACTTTCGCGCCCC 
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GluAspAlaAlaSerl^uArgMaPheThrG^ 
6901 AGGAGGACGCGGCGAGCCTGAGAGCCTTCAC^^ 

TCCTCCTGCGCCGCTCGGACTCTCGGAAGTGCCTCCGATACTGGTCCATGAGGCGGGGGG 

GlyAspProProGlnProGluTyrAspLei^ 
6961 CTGGGGACCCCCCACAACCAGAATACGACTTGGAGCTCATAACATCATG^ 
GACCCCTGGGGGGTGTTGGTCTTATGCTGAACCTCGAGTATTGTAGTACG^ 

SerValAlaHisAspGlyAlaGlyLysArgValTyrT^ 
7021 TGTCAGTCGCCCACGACGGCGCTGGAAAGAGGGTCTACIACCTCACCCGTC 
ACAGTC^GCGGGTGCTGCCGCGACCTTTCT^ 

ProLeuAlaArgAlaAlaTrpGluThrAlai^ 
7081 CCCCCCTCGCGAGAGCTGCGTGGGAGACAGCAAGACACACTCCAGTCAATTCCTGGCTAG 
GGGGGGAGCGCTCTCGACGCACCCTCTGTCGTTCTGTGTG 

AsnllelleMetPheAlaProThrLeuTrpAlaArgMetlleLexjMetThrHisPhePhe 
7141 GCAACATAATCATGTTTGCCCCCACACTGTGGGCGAG^ 

CGTTGTATTAGTACAAACGGGGGTGTGACACCCGCTCCTACTATGACTACTGG^ 

SerValLeuIleAlaArgAspGlnr^uGluGliiAlal^uAspCysGluIl 
7201 TTAGCGTCCTTATAGCCAGGGACCAGCTTG AACAGGCCCTCGATTGCGAGATCTACGGGG 
AATCGCAGGAATATCGGTCCCTGGTCGAACTTGTCCGGG 

CysTyrSerlleGluProLeuAspI^uProProIlelleGlnArgLeu 
7261 CCTGCTACTCCATAGAACCACTTGATCTACCTCCAATCATTCAAAGACTC 
GGACGATGAGGTATCTTGGTGAACTAGATGGAGGTTAGTAAGTTO 
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